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US seo Eran rT MENT OF AGRICULTURE, 
: BUREAU OF ENTOMOLOGY—BULLETIN No. 103. 


L. O. HOWARD, Entomologist and Chief of Bureau. 


THE PLUM CURCULIO. 


BY 


A. L. QUAINTANCE, 
In Charge of Deciduous Fruit Insect Investigations, 


AND 
E. L. JENNE, 


‘ 
Agent and Expert, Deciduous Fruit Insect Investigations. 


IssurD JuLty 13, 1912. 


WASHINGTON: 
GOVERNMENT PRINTING OFFICE, 
1912. 


BUREAU OF ENTOMOLOGY. 


L. O. Howarp, Entomologist and Chief of Bureau. 
C. L. Maruarr, Entomologist and Acting Chief in Absence of Chief. 
R. 8S. Curton, Executive Assistant. 
W. F. Taster, Chief Clerk. 


F. H. Currrenpen, in charge of truck crop and stored product insect investigations. 
A. D. Horpxtns, in charge of forest insect investigations. 

W. D. Hunter, in charge of southern field crop insect investigations. 

F. li. WEBSTER, in charge of cereal and forage insect investigations. 

A. L. QUAINTANCE, in charge of deciduous fruit insect investigations. 

EK. F. Putuuies, in charge of bee culture. 

D. M. Rogers, in charge of preventing spread of Wei , field work. 

Rouia P. Currie, in charge of editorial work. 

Mase. Co.tcorp, i charge of library. 


Dectipuous Fruit Insect INVESTIGATIONS. 


A. LL. QUAINTANCE, in charge. 


Frep Jounson, E. L. Jenne, 8S. W. Foster, P. R. Jones, F. E. Brooxs, A. G. 
Hammar, E. W. Scott, R. L. Noucaret, R. A. Cusuman, L. L. Scorr, J. B. 
Gu, A. C. Baxer, W. M. Davipson, E. B. Biaxester, W. B. Woop, E. H. 
Sirauer, F. L. Smvanton, entomological assistants. 

J. F. Zimmer, N.S. Assort, W. H. Six, entomological assistants, employed in enforce- 
ment of insecticide act, 1910. 


2 


LETTER OF TRANSMITTAL. 


U.S. DEPARTMENT OF AGRICULTURE, 
BuREAU OF ENTOMOLOGY, 
Washington, D. C., October 24, 1911. 


Str: I have the honor to transmit herewith for publication a full 
account of the plum curculio. This is a native insect, and from the 
earliest times has ravaged the plums, peaches, and other deciduous 
fruits grown around the home and in large commercial orchards. 
The total annual loss occasioned by this pest by reason of its attacks 
upon its several food plants amounts to several million dollars, and 
until recently there has been no very practical method of controlling it. 

The plum curculio has been under careful investigation by this 
bureau during the past several years, and, although it has been the 
subject of many papers by entomologists and others, it has not here- 
tofore received the painstaking investigation which its importance 
demands. The present paper is an important contribution to our 
knowledge of the insect, and points out the remedial measures to be 
employed in its control. 

I recommend the publication of this manuscript as Bulletin No. 103 
of this bureau. 

Respectfully, L. O. Howagp, 
Entomologist and Chief of Bureau. 
Hon. JAmMEs WILSON, 
Secretary of Agriculture. 
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The present bulletin gives results of studies of the plum curculio 
that, with considerable interruption, have been in progress since the 
spring of 1905. The work has been done for the most part in con- 
junction with other investigations at the field laboratories in Decid- 
uous Fruit Insect Investigations, Bureau of Entomology, located in 
important fruit-growing sections and representing a considerable 
range of climatic and other conditions. Data have thus been ob- 
tained on the biology of the insect in northern, central, and southern 
localities in its range of distribution, as in western New York and 
northwestern Pennsylvania, in the environs of Washington, D.C., and 
in Georgia. Studies for one season were made in the Ozark region of 
Arkansas, well toward its limit of occurrence to the southwest. The 
‘observations presented, therefore, fairly well cover the distribution of 
the species, though for the respective localities the results are not 
entirely comparable, as for one reason or another it was found imprac- 
tical for the several workers to carry out uniformly the outline of 
studies originally prepared. 

In the case of but few native American insects are there earlier or 
more complete records of depredations than is true of the plum cur- 
culio. From the time of its first noted injuries, about 175 years ago, 
until the present day this insect has been execrated by commercial 
and amateur fruit growers alike. If we are to judge from the writings 
in the earlier horticultural and agricultural papers, it was especially 
despised by the early settlers for its destruction of choice varieties 
of plums and other stone fruits grown around their homes, and the 
number of remedies proposed was legion. Many workers have con- 
tributed to our present knowledge of the plum curculio, and their 
writings have been freely used in the present paper. Among these may 
be mentioned Fitch, Walsh, Riley, Trimble, Forbes, Howard, Weed, 
Stedman, Crandall, and others. 

Several members of the force engaged in Deciduous Fruit Insect 
Investigations have made important contributions to this report, as 
later credited in the text. Mr. James H. Beattie spent a part of the 
season of 1905 in Georgia, and Mr. A. A. Girault during the same year 
was engaged in life-history observations in the insectary at Washing- 
ton. During 1906 Mr. Girault, with Mr. A. H. Rosenfeld, spent the 
season in Georgia working on the curculio and other peach insects, 
and the year following the former gentleman made observations on thig 
insect in southern Ohio. Mr. Girault’s careful studies have been of 
the greatest value. During 1905 Mr. Fred Johnson gave considerable 
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attention to life-history studies of the curculio in western New York, 
as also the year following in northwestern Pennsylvania, in addition 
to numerous field experiments in spraying during these and subse- 
quent years. During 1908 Mr.S. W. Foster and the junior author car- 
ried out extensive life-history investigations and field experiments in 
northwestern Arkansas, and similar work was accomplished the same 
season in the environs of Washington, D.C., by Mr. P.R. Jones. Dur- 
ing 1909 work on the curculio was limited largely to experiments with 
sprays in orchards, made in conjunction with experiments against the 
codling moth, and carried out in Arkansas and Missouri by the junior 
author and Mr. F. W. Faurot, in Virginia by Messrs. J. F. Zimmer and 
K. W. Scott, and in Michigan by Mr. R. W. Braucher. In 1910 impor- 
tant life-history observations were made in Michigan by Mr. A. G. 
Hammar, and many additional data on the curculio in the South were 
obtained during the same year by the junior author and Mr. E. W. 
Scott, with headquarters at Barnesville, Ga. In much of the orchard- 
spraying experiments on both peach and apple the work has been 
done in cooperation with Mr. W. M. Scott, of the Bureau of Plant 
Industry of this department. 

Several publications on the plum curculio have been issued during 
the course of the work. An article on this insect was published in 
the Yearbook of the department for 1905 in a paper entitled ‘The 
principal insect enemies of the peach.”” Circular 73 of the Bureau of 
Entomology, on the plum curculio, by Messrs. Fred Johnson and 
A. A. Girault, was published in 1906; and the results of a comparison 
of the demonstration and one-spray methods in the control of the 
codling moth and plum curculio were published in November, 1910, as. 
Part VII of Bulletin No. 80 of the Bureau of Entomology, a revised 
edition of which was issued March 30, 1911. Circular 120 of the 
- Bureau of Entomology, entitled ‘Control of the Brown-rot and Plum 
Curculio on Peaches,”’ by W. M. Scott, of the Bureau of Plant Indus- 
try, and the senior author, was issued in March, 1910. This gave_ 
instructions for the preparation and use of a combined spray for the 
curculio and fungous diseases of the fruit of the peach. The results 
of further experiments in peach spraying for the curculio, brown-rot, 
and scab were given in Farmers’ Bulletin 440, by W. M. Scott and 
the senior author, published in March, 1911. 

In the present paper are brought together the more detailed — 
results of the studies of this insect which have been in progress, 
including some of the data which have been already published. 
Especial attention has been given to presenting the data as far as 
possible in tabular form, with necessary discussion of the tables to 
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(Anaphes) Anaphoidea conotracheli, an egg parasite of the plum cur- 


(Sigalphus) Triaspis curculionis, an important parasite of the plum 
CUE CUTLT Os Cet ees ye Ap rei toi Sa ays Shotts aiciala! a%e’Suclnas einia'eiacciate siete 
(Porizon) Thersilochus conotracheli, parasitic upon the plum curculio . 
(Bracon) Microbracon mellitor, an occasional parasite of the plum cur- 
CUO wee e jo meace =e oe ie oie aia ta a's Sie ate aiafala/a = Setar iareie Simpneia ie we 
Myiophasia xnea, a dipterous plum-curculio parasite: Male and head 
CMIOIMNA © Gent see ape ra ae ate eel oan aialS er wiais ae eS ctelericie S Aeietdwigiainin ses 
Cholomyia inxquipes, a fly reared abundantly from the plum cur- 
culio at Barnesville, Ga.: Adult, puparium in curculio larval skin. 
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Harpalus pennsylvanicus, a ground beetle predatory upon the plum 
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Chatiagnathus pennsylvOmcUs) = 2a lac aso - ana ee <= aeemineecees ces 
A simple form of curculio catcher for use by one person ....-..----- 
A cumbersome wheelbarrow type of curculio catcher developed and 

ueterved sa bOUbRlOGOm meee eee serrs ae eeieiare cle = Nelo m icicle s\elaaicle <= 
A light wheelbarrow curculio catcher for sale as iate as 1905.....-..- 
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THE PLUM CURCULIO. 


CLASSIFICATION AND SYNONYMY. 


The Rhynchophora, or snout beetles, to which suborder the plum 
curculio belongs, constitute a very large and important group of 
coleopterous insects, comprising some of our worst insect pests, as 
the cotton-boll weevil, grain and rice weevils, nut weevils, plum 
gouger, strawberry weevil, etc. 

The genus Conotrachelus is distinctly American. Le Conte and 
Horn, in the Rhynchophora of North America, published in 1876, 
list for this genus 26 species from America north of Mexico. There 
are, however, many representatives of the genus, the species being 
especially abundant in the Tropics. Champion, in Volume IV, part 4, 
of the Coleoptera of the Biologia Centrali Americana, has listed 188 
species, and states that about 200 have been described (1906). 

The plum curculio was first characterized and named in 1797 by 
Herbst in his ‘‘Natursystem aller bekannten in- und auslindischen 
Insekten-Kafer”’ and figured under the name Curculio nenuphar, 
the original description being as follows:1 


587. Curculio Nenuphar. 
Weun und neungigfte Cafel. fig. 8. H. 


Mus. Herschel. Curc. longirostris fusco griseoque variegatus, inaequalis, thorace 
punctis duobus elevatis nigris, elytris lineis elevatis interruptis, dorso gibber cari- 
natus. 


Der Hajer ijt ohngefabr drittehalb <inien lang, braun und greisjchectig, die Oberflache 
jehr uneben. Der Rujjel ift faft Langer, als der Bruftihild, ziemlic) dick, rund, qefrimmt 
braun und grei3jdeckig, am Ende fchwarg, auf dem Ricken eine feine erhohete Sinie. Die 


1 From the collection Herschel. A long-snouted curculio, varied with brown and gray, unequal; thorax 
with two elevated black punctures, the elytra with elevated, interrupted lines; the back gibbous and 
carinate. : 

The beetle is about 33 lines long, varied with brown and gray, the surface very uneven. The beak is 
almost longer than the thorax, moderately thick, round, curved, varied with brown and gray, black at 
tip, on the upper side with a fine elevated line. The eyes are black and are not prominent; the antennze 
are brown. The thorax is varied with brown and gray, on the dorsal surface a very fine, elevated line, 
on each side of which is anteriorly a large, elevated black dot, and a smaller one ‘posteriorly; these smaller 
ones a little closer to the median line. The scutellum is depressed. The elytra are varied with brown and 
gray and possess elevated and always interrupted lines; some of these are more elevated, others less, 
one at the middle near the suture is much more strongly elevated than the others and forms a large, black, 
elevated, acutely cariniform tubercle; more toward the tip but also near the suture is againa strongly — 
elevated, abrupt line, the second in size but not equal to that on the dorsum. ‘The legs are also varied 
_ with brown and gray, the coxee are two-toothed. 

The home is North America, 
13 
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Augen find fhwarg, und ftehen nidt vor; die Fihlhorner find braun. Der Brujtimild 
ift braun und greisfcheckig, auf Dem Riicken ift eine fehr feine erhohete Linie, an jeder 
Seite derjelben fteht nach vorne gu ein grofer erhoheter fdwargzer Puntt, und ein fleinerer 
nach hinten zu, die Eleineren ftehen etwas dicter an der MWittellinie, Das Sdilolein hegt 
tief. Die Deckfdilde find braun und greisfcheckig, und haben erhohete jtets abgebrodjene 
Sinien, einige erhshen fic) mehr, andre weniger, ene auf der Witte neben der Vath erhohet 
ic) weit ftarter, al3 die ubrigen, und wird ein grofer {dwarzer, langlicer, fcharf, tiel- 
Srmig erhoheter eee mehr nach dex Spike gu auch neben der Wath fteht wieder eine 
ftart erhohete abgebrocjene Sinie, Die gwehte am Rang, aber nicht der auf dem Ricken 
gleich. Die Fife find auch braun und greisfcheckig, die Hijten gweymal gedornt. 

Das Yaterland ijt VWordamerita. 

In 1802 the insect was redescribed by Fabricius in Systema Eleu- 
theratorum under the name Rhynchenus argula; in his catalogue of 
the Insects of Pennsylvania, published in 1806, Rev. F. V. Mel- 
sheimer used for the plum curculio the name Curculio persice; and in 
1819 Peck in the Massachusetts Agricultural Repository and 
Journal named the species Rhynchenus cerasi. Dejean lists the cur- 
culio in his Catalogue des Coléoptéres, published in 1833, as Cono- 
trachelus variegatus, and in Sturm’s Catalogue (1843) it is given as 
Conotrachelus gibbosus Melsheimer. 

The generic position of the insect has been changed from time to 
time according to the ideas of different writers. Our species appears 
first to have been referred to Conotrachelus in 1837 by Schoenherr 
in his Genera et Species Curculionidum under Fabricius’s name 
argula. This genus, accredited by some writers to Latreille, was 
fully characterized by Schoenherr, who is cited by Le Conte and Horn 
and by other systematists as author of the genus. In Say’s Ento- 
mology of North America, published in 1831, the name Crypto- 
rhyncus argula is used. 

The present synonymy of the species is therefore as follows: 

1797. Curculio nenuphar Herbst, Kafer, Natursystem aller Insekten, VII, p. 29, Tafeln, 
99, £. 8, H. 

1801. Rhynchenus argula Fabricius, Systema Eleutheratorum, II, p. 467. 

1806. Curculio persice Melsheimer, Catalogue of the Insects of Pennsylvania (No. 
589), p. 28. 

1819. Rhynchxnus cerasi Peck, Mass. Agric. Repos. and Journ., V, p. 312. 

1831. Chryptorhynchus argula Say (Descr. N. Am. Curculionides), Ent. North America, | 
I, p. 285 (1859). . 

1833. Conotrachelus variegatus Dejean, Cat. des Coléopteres, 2d ed., p. 297; 3d ed., p. 
321; lists as variegatus. 

1843. Conotrachelus gibbosus Melsheimer, Sturm’s Catalogue, p. 222. 


COMMON NAMES. 


The plum curculio has been referred to in literature under many 
common names, as the fruit curculio, curculio, cherry weevil, peach 
weevil, peach curculio, peach worm, plum curculio, nenuphar, little 
Turk, Turk, kerkelo, little joker, etc. Simply ‘‘curculio” or “fruit 
curculio”’ was employed in many of the earlier articles, though “‘plum 
weevil” is also frequently to be noted, The word curculio is of 
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Latin origin. It was used by Cato in De Re Rustica (p. 92), 201 B.C., 
and other writings; also by Palladius, A. D. 210; by Pliny; and by 
other Roman authors. It is the name of a well-known comedy of 
Plautus. In its Latin signification the curculio means a cornworm 
or weevil, and probably for this reason the name was adopted by 
Linnzus in his Systema Nature, as the genus for a large and di- 
verse assemblage of species of snout beetles. While the Linnean 
genus Curculio has long since fallen into disuse by entomologists, the 
“ various species having been distributed into other genera, the word 
is retained in the English vocabulary and applied with qualifying 
adjectives as the common names of several species of snout beetles, 
e. g., the plum curculio, rhubarb curculio, poplar curculio, willow 
curculio, etc. As between the numerous common names applied to 
the insect under consideration, plum curculio has perhaps become 
most firmly established from frequent use in the economic literature 
of the past 20 or 25 years, and the name has recently been adopted 
by the American Association of Economic Entomologists. It is 
nevertheless misleading since, while partial to plums, the curculio 
also injures numerous other fruits. In fact its omnivorous habits 
as regards stone and pome fruits make it unique among a group 
of weevils which as a rule confine themselves to one or but few food 
plants. : 
HISTORY. 


Few American insects have been more written about than the 
plum curculio. The earliest statement referring to this insect which 
we have seen is in a letter from Peter Collinson to John Bartram, 
evidently in response to a complaint by Bartram in an earlier com- 
munication. Under date of February 3, 1736, Collinson wrote: ‘TI 
never heard it was insects that annoyed your plums, apricots, and nec- 
tarines. If they are, water that has tobacco leaves soaked in it will 
kill them by making a basin around the trees, watering them fre- 
quently with the water.’ This reference considered alone might 
appear to refer to the peach-tree borer. Subsequent correspond- 
ence, however, between Bartram and Collinson, cited under history 
of remedies (p. 156), indicates that probably the curculio was the 
insect referred to. There are, later, undoubted references to this 
insect in the correspondence between these two gentlemen, which are 
quoted on page 156. It would appear that the curculio had become 
quite troublesome, at least in the environs of Philadelphia, before 
1750. 

A note by the Swedish naturalist, Peter Kalm, under date of May 
18, 1749, and quoted in the bibliography, leaves no doubt of the 
prevalence of the species in the territory about which he was writing, 
namely, New Jersey. The original description of this species by 
Herbst in 1797 indicates that by that time the insect had found its 
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way into European collections. Benjamin Smith Barton, writing 
in 1802, states: ‘‘The unripe fruit of the peach is greatly injured by 
the curculio, but the insects most pernicious to the trees are two 
lepidopterous insects of the genus Zygena of Fabricius. These, 
while in the larval state, destroy the bark of the root.” 

An extended account of the curculio by Dr. James Tilton was 
published in Willisch’s Domestic Encyclopedia in 1804. A con- 
siderable knowledge of the insect is shown at this early period and. 
the article was much quoted by subsequent writers for several years. 
With the increase in the number of journals and papers devoted to 
horticulture and agriculture, references to the curculio were much 
more frequent. During the first 30 years of the nineteenth century 
numerous short articles and notes appeared, the following being 
among the more important contributors: Dr. James Tilton, J. E. 
Muse, James Thacher, S. L. Mitchell, William Prince, William 


Fig. 1.—Herbst’s figure of the plum curculio; accompanying the original description in 1797. 


‘Wilson, and W. D. Peck. (See figs. 1 and 2 for early illustrations 
of the plum curculio.) 

Beginning about 1830 there was a noticeable increase in the number. 
of references and articles relating to this pest from practical fruit 
erowers and others, giving their experience in the use of remedies 
and suggesting plans for circumventing its injuries. Some of the 
more important writers between 1830 and 1850 were David Thomas, 
S. Reynolds, R. P. Hildreth, William Wilson, B. Manley, Dr. Joel 
Burnett, John Parsons, A. J. Downing, James Matthews, C. E. — 
Goodrich, and there were many others. 

Excepting Melsheimer (see bibliography), the plum cureulio ap- 
pears to have been first treated by an American entomologist in 
1819, when it was described as Rhynchxnus cerasi and figured (fig. 3) 
by W. D. Peck, who considered it the cause of black-knot of cherries 
and plums, from the fact that the imsect was reared from these 
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excrescences. In his Entomology of North America, published in 
1831, Thomas Say refers to the curculio as Cryptorhynchus argula, 
and gives the opin- 
ion of his kinsman, 
Bartram, as to its 
destructiveness. A 
fairly extended ac- 
count of the insect’ 
is given by Harris 
in his Insects Injur- 
ious to Vegetation, 
published in 1841, 
and it was con- 
sidered at length 
by Dr. Asa Fitch 
in his address on 
the curculio and 


black-knot of plum 
E Fig. 2.—An early illustration of the plum curculio, frequen.ly used 
trees, delivered be- between about 1830 and 1£50. 


fore the New York 
State Agricultural Society in 1860 (p. 839). 

The most complete account of the insect up to this time, however, 
was that by Dr. Isaac P. Trimble in his Treatise on the Insect 
Enemies of Fruits and Fruit Trees, published in 1865. In this work 
99 quarto pages are devoted to the curculio, accompanied by 8 
colored plates. Many observations are presented as a result of 
personal investigation. Important contributions to a knowledge of 
the insect are given 
in the articles by 
Walsh in the Prac- 
tical Entomologist 
for 1867 (pp. 75-79), 
andin the First An- 
nual Report on the 
Noxious Insects of 
Illinois (pp. 85-96). 
In the First Missouri 
Report, publishedin 
1869, Dr. C. V. Riley 
gives an extended 


account of the cur- 

Fic. 3.—Peck’s fi i i i isd ip- 7 — 
gure of the plum curculio, published with his descrip culio, summarizing 
tion (Rkynchenus cerasi) in 1819. 
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the knowledge con- 

cerning it up to that time, and in the Third Missouri Report (1871, 

‘pp. 11-29) gives further information on its life history, with an ex- 
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tended discussion of apparatus for jarring. Also during the same year 


there was published in the American Entomologist (vol. 1, pp. 130— 


136) a popular account of the curculio, this being a lecture given by 
Dr. Riley before the Illinois State Horticultural Society. Numerous 
references, or more or less extended articles, concerning this insect 
are to be found in the writings of the earlier entomologists, as William 
Saunders, William Le Baron, Townend Glover, A. J. Cook, J. A. 
Lintner, and others, but the writings of Walsh and Riley were per- 
haps of most importance. 

References to the plum curculio notably increased with the estab- 
lishment of the agricultural experiment stations. Dr. S. A. Forbes, 
in Illinois, had already given some attention to this insect, publish- 
ing interesting observations on the use of poisons in its control as 
early as 1885. Experiments in spraying with arsenicals had been 
undertaken by W. B. Alwood, working under the direction of the 
entomologist of the United States Department of Agriculture, begin- 
ning with the season of 1887, and an extended summary account of 
the insect, by C. V. Riley and L. O. Howard, was published in the 
Report of the Commissioner of Agriculture for 1888. During this 
latter year Prof. C. M. Weed, of the Ohio Agricultural Experiment 
Station, began experiments in the use of arsenicals in its control, 
which were continued during the two or three subsequent seasons. 
Similar tests were reported by Prof. A. J. Cook in 1887 from Michigan, 
and in 1890 Prof. C. P. Gillette, in Bulletin 9 of the Iowa Agricul- 
tural Experiment Station, gave results of experiments and observa- 
tions on the curculio and plum gouger carried out during the season 
of 1889. 

A specific investigation of the curculio as an apple pest was begun 
by Prof. J. M. Stedman in Missouri in 1900 and continued during 
1901 and 1902. Results of his investigations were given in Bulletin 
64 of the Missouri Agricultural Experiment Station, published in 


July, 1904. Prof. C. S. Crandall, in Illinois, began in 1903 a thorough © 


investigation of the insect as an apple pest, continuing the work 
during the following year. Results of his investigations and studies 
on the plum and apple curculios are published in Bulletin 98 of the 
Illinois Agricultural Experiment Station (1905) and comprise per- 
haps the most comprehensive account of the life histories of these 
two insects thus far given, as well as results of experiments with 
arsenical sprays on a commercial scale. The year following Prof. 
Forbes, in Bulletin 108 of the Illinois Agricultural Experiment Sta- 
tion (1906), reported results of experiments with arsenical sprays 
on a commercial scale, showing in connection with the work of Prof. 
Crandall that notably less injury to apples resulted following the 
thorough use of arsenate of lead. During the same year Prof. M. V. 
Slingerland reported results of cooperative spraying against the 


— 
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curculio carried out during 1904 between the Agricultural Experi- 
‘ment Station of Cornell University (Bulletin 235) and certain fruit 
growers in western New York. Mr. E. P. Taylor, in Bulletin 21 of 
the Missouri State Fruit Experiment Station, reports results in 
spraying for the control of the cureulio on apple as obtained by him 
in the Ozark regions of Missouri. Observations on the curculio and 
results of experiments are given by W. W. Chase in Bulletin 32 of 
the Georgia State Board of Entomology, published in 1910. 

Beginning in 1905, investigations of the curculio were undertaken 
by the Bureau of Entomology of this department, and more or less 
attention has been given to this insect up to the present time. The 
investigation has included an inquiry into the life history and habits 
of the insect in. various parts of he country and the carrying out of 
experiments in spraying on a commercial scale in its control on 
peaches, plums, and apples. As a result of the work in 1905, recom- 
mendations concerning the use of an arsenate-of-lead spray on 
~ peaches were given in the Yearbook of the Department of Agriculture 
for that year (p. 329) and in Circular 73 of the Bureau of Entomology. 
In the course of experiments to determine the comparative value of 
the one-spray method in the control of the codling moth much infor- 
mation was obtained on the value of spraying for the curculio, the 
results of which were published in Bulletin 80, Part VII, of the 
Bureau of Entomology. 

A decided advance in spraying stone fruits, especially peaches, 
was made with the establishment of the practicability of the control 
of brown-rot, scab, and curculio on peaches by the use of a combined 
spray of lime-sulphur and arsenate of lead. Recommendations for 
the preparation and use of this spray were given in Circular 120 of 
the Bureau of Entomology, and in Farmers’ Bulletin 440 results of 
further experiments and demonstrations were given. 

In the foregoing historical sketch it has been attempted to indicate 
only the principal contributions or landmarks in the progress of 
knowledge concerning this insect and the remedies against it. By 
turning to the bibliography (p. 219) the reader will find reference to 
most of the contributors, although the list of titles could still be 
considerably lengthened. 


DISTRIBUTION. 


The curculio is indigenous to the eastern United States, and has 
probably always occupied about its present range of distribution. 
In some of the earlier accounts of the insect the inference is given 
that it had gradually spread westward from more eastern regions. 
As shown elsewhere (p. 156), its injuries were first noted in the 
neighborhood of Philadelphia about 1736. 
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Under the caption, ‘‘The curculio in Michigan,” a Mr. Adrian, 
writing in The Cultivator in 1852, says: 

I propose in this communication to speak of the progress of the curculio in southern 
Michigan. I have been a resident of Lenowee County for the last 18 years. The 
first depredations of this insect commenced about six years ago, the first season attack- 
ing only a few of our choicest plums; the succeeding year they were more numerous, 
and since continue to increase from year to year, puncturing every variety of plum 
and also cherries to a considerable extent and in some instances often, apples. 


Dr. Asa Fitch in his Essay, published in 1860, says: 


As an evidence of its steady progress and increase [in New York State] during the 
past 40 years, I may state that in my boyhood the wild plum trees in my own vicinity 
were often well filled with fruit. But, though thrifty trees are still growing on several 
of the same places, I have never since that time seen a ripened plum upon any of them. 

A more recent statement relative to the invasion by the curculio 
of new territory (in Wisconsin) within its range of distribution is 
that by Prof. E. S. Goff in Insect Life (vol. 6, p. 37): 


Until recently the peninsula lying between Green Bay and Lake Michigan has 
been free from invasion by the curculio (Conotrachelus nenuphar), and until the 
present summer (1893) it has never been found in any part of this peninsula lying 
north of Sturgeon Bay so far as can be learned from fruit growers in that region. In 
consequence of this, plum growing is becoming an industry of some importance in 
that district. 


Prof. Goff further states as a result of personal examination that 
he found the curculio south of the bay, but that north of the bay 
no infested plums could be found, though a few wormy cherries 
were noted for the first time in the experience of the fruit growers. 
The invasion apparently proceeded from the southwest. 

Dr. B. D. Walsh, writing from Illinois in 1867, observes: 


Although the curculio now infests the cultivated species of plums (Prunus domestica 
Linn.) to fully as great extent as our common wild species (Prunus americana), yet 
it is only at a comparatively recent date that it attacks our cultivated plums, and 
since that epoch it has been occurring every year worse and worse and making 
onslaughts on other fruits, such as peach and cherry, and even the apple. 

‘The curculio,” said the Hon. D. B. Baker in 1855, ‘“‘were unknown 
and never made their incursions into this region [Illinois] until some 
years after the organization of our State government, A. D. 1818. 
There can be little doubt, however, that the curculios have existed 
from time immemorial in our State, breeding in wild plums.” 

Numerous opinions of a similar nature might be cited to indicate 
the belief that the curculio was not indigenous to certain regions, 
and that it put in appearance only after cultivated food plants 
had been grown for some years. It seems more probable to the 
writers, however, as stated by Walsh, that the insect has always 
been generally distributed over its range, subsisting on wild food 
plants. The introduction of cultivated fruits undoubtedly resulted, 
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within a longer or shorter time, in these being attacked by the insect, 
and as it became abundant its injuries were sufficient to attract the 
attention of observant growers. 

From records in literature and those obtained by the Bureau of 
Entomology the curculio is found to occur very generally at the 
present time throughout the Mississippi Valley and the territory to 
the eastward. Records of the insect are at hand from hundreds 
of localities, covering practically all of this territory. Interest 
attaches, however, to the western and northern limits of the occur- 
rence of the curculio, and especially to the consideration of factors 
which may have operated to prevent its further spread. 


WESTERN LIMIT OF OCCURRENCE. 


During the summer of 1910 it was possible to collect some data. 
on the western limit of occurrence of the curculio. In early June 
-_ Mr. John B. Gill, of the Bureau of Entomology, was instructed to 
proceed to Sherman, Tex., and from thence in a northwesterly 
direction (along the Fort Worth & Denver City Railway) to a point 
where the curculio could not be found. Next, to proceed in a north- 
easterly direction (along the Atchison, Topeka & Santa Fe Railway) 
into territory where the species was abundant. Mr. Gill proceeded 
in this zigzag manner to the west and east of the one hundredth 
meridian, as far north as North Dakota, making collections at many 
points of wild and cultivated fruit which might be infested. This 
fruit was sent to the insectary at Washington where rearings were 
made. Owing to injury by late frosts, the fruit crop in some sections 
was very light or absent, and on this account the collections were 
not so representative as was desirable. 

At Sherman, Tex., the insect was found on peaches and cultivated 
plums, though no injury was observed on apples. Four curculios 
were reared from sendings of fruit from this locality. The insect was 
also found present at Denison, Tex., an adjacent town on the Red 
River, five beetles being secured from fruit sent in. At Arlington, 
Tex., curculio larve were found in peaches and plums, but the attack 
in no case was severe. Three curculios were secured from fruit from 
this locality. 

At Wichita Falls, Tex., the curculio was found on Japan and wild 
goose plums and ied Chiass and evidence of its injury to wild plums 
was noted. From several collections of fruit sent in no curculios 
were obtained. 

At Quanah, Tex., no curculio attack was found, although the wild 
plums were slightly infested with the plum gouger (Anthonomus — 
- scutellaris). Plums collected from wild trees along a creek were sent 
in to the insectary and several plum gougers obtained, but no adults 
of the plum curculio. 
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At Amarillo, Tex., also, no indication of the presence of the curculio 
was noted in the wild plums growing along the Canadian River, and 
including several small peach, plum, and apple orchards in the region. 
No curculios were reared from the fruit sent from Amarillo. At 
Canadian, Tex., an abundance of wild plums was found along the 
Canadian River, but no curculio attack was observed. No beetles 
were obtained from the fruit sent in from this locality, although 8 
plum gougers were obtained. 

Both wild and cultivated plums at Alva, Okla., showed injury from 
the curculio. Two beetles were obtained aoe snubs collected in that 
region and sent in to the insectary. 

The curculio was very much in evidence in the environs of Wichita, 
Kans., the next point visited, occurring in cultivated plums, and 
injury to apple was also noted. A total of 51 beetles was reared from 
three sendings of fruit from this locality. At Hutchinson, Kans., 
the insect was also abundant, infesting both wild and cultivated plums, 
apricots, and apples. Thirty-two beetles were secured from fruit sent 
in. At Salina, Kans., the insect was‘also in evidence, injury being 
noted in several orchards of cultivated plums as well as in this fruit 
growing wild. A total of 68 beetles was reared from fruit from this 
section, indicating its considerable abundance. 

At Colby, Kans., no signs of curculio injury were found, nor were 
any beetles reared from the small amount of fruit sent in to the 
insectary from this locality. At Norton, Kans., thé point next 
investigated, conditions were very similar to those deernts at Colby, 
fruit being very scarce. No signs of curculio injury were noted nor 
were beetles reared from fruit received from this place. 

At Grand Island, Nebr., the curculio was very much in evidence 
on wild and cultivated plums, a total of 74 beetles being reared from 
the fruit there collected. The insect was also present in numbers in 
wild and cultivated plums at North Platte, Nebr., a total of 57 
adults being obtained from several collections of fruit. At Northport, _ 
Nebr., the complete absence of both native and cultivated fruit 
prevented any observations whatever. 

However, at Sterling, Colo., in about the same latitude, curculio 
egg punctures were observed in wild plums, although they were 
nowhere abundant. No punctures were noted on apples during a 
careful search of several orchards. The fruit, however, was not 
abundant. From collections of wild plums sent in to the insectary 
two adults were reared. This appears to be the first record for the 
curculio from that State. 

At Rapid City, 8. Dak., cultivated and wild plums were found 
infested by the curculio to a slight extent. A total of 18 adults was 
reared from material from this place. At Pierre, S. Dak., the work 
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of the curculio was not much in evidence, although both wild and 
cultivated plums showed some injury. Fourteen beetles were reared 
from fruit from Pierre. At Aberdeen, S. Dak., practically all fruit 
had been destroyed and no observations on the curculio could be 
made. — 

Conditions were very | ahetlen at Jamestown, N. Dak., the point 
next visited. No fruit whatever was in evidence and ae observa- 
tions were possible. Also at Bismarck, N. Dak., the fruit had been 
completely destroyed. -At Fargo, N. Dak, and Moorehead, Minn., 
an adjacent town, there was but. little in the way of fruit, although 
wild plum trees were in abundance in the Red River Valley. Four 
curculios, however, were reared from plums sent in. 

In this connection should be mentioned the record of the curculio 
at Aweme, Manitoba, collected by Mr. N. Criddle, and published in 
the Annual Report of the Entomological Society of Ontario for 1904, 
page 76. 

While the observations made during 1910 by Mr. Gill are far from 
as complete as desirable, yet it appears clear that the insect has not 
established itself to any extent west of about the one hundredth 
meridian. Sterling, Colo. (longitude 103°), is the most western point 
from which the species has been recorded. Observations are most 
complete for Texas, and according to the data at hand the insect is 
present as far west as Victoria on the south and Wichita Falls on 
the north. Although fruit was present at Quanah, Canadian, and 
Amarillo, Tex., no beetles could be found. The general conclusion 
would appear warranted that the insect is not able to extend its 
range much out of the humid area as defined in Merriam’s Life-Zone 
Map. 

In Table I the localities above mentioned, with a few additional 
ones, are shown, with approximate longitude and with indications 
of the source of the record. 


Taste I.—Western distribution of the plum curculio. 


Longitude 
Localities. (approxi- |Occurrence. Remarks. 
mate). 

TEXAS i 
WB TOKE IS oe sos ne es ne aeeieee aesoneceae 97 00 | Present... Heard from fruit in 1905. 
(GAN GISOM eee os ao oe oe wie Ye ae ees 94ee SON nase do..... 
WIGRR 22 2ssossesessaesseseccasesscasse OG “SO issock d0ss225 peas received Cee ene 
PAM PLOUeen ee Semis scl connec 97100) | S22 Gdozeer Reared from fruit in 191 
eH eeee 8 oe Say tea ss eee O18 VSS ees 5- GOzseee Do. 
ID aS 08 Jo oan See ee RS oe ie ee eee Os AO aeeee do..... Do. 
Watchin aliSesc se 23 tsos ee eke OR rr 25u lee aes do..... Do. 
QUOTED 5 oe a eee ee ee 99 45} Absent.... 
(CHTEHNG haa, oo SL i Re lee eye eer es 100 20 }...do 
PAURACIE ROME ee Soe ie See oneal s see 101 45 do 
; OKLAHOMA 
TODL TRAC V VGN 2! Se Ae Ne aR er 98 00] Present...) Specimens received from correspondent. 
PAL ee ie a ate hate culajeclacabilSee det aes 99 30!...do.......' Reared from fruit in 1910. 
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TaBLe I.— Western distribution of the plum curculio—Continued. 


Long‘tude 
Localities. | (approxi- Occurrence. Remarks. 
| mate). | 
KANSAS re) , i 
Whiehita® So. 65 20 eee 97 20 Present...) Reared from fruit in 1910. 
ssalinia ceo <5 a ees eee ee ee 97) 35 Rode 0. 
Buiehmson. 22 0. eee ) 98 00 do... Do. 
Wortom <2 25. 2260 222 4220. 99 50 | Absent (?) 
Calbyeoss eee ee ee ee 101 00 |...do... 
| 
COLORADO | 
Siening-20. 2.42222. 6.0 eee / 103 15 |*Present...| Reared from fruit in 1910. 
i i 
NEBRASKA 
Tancoin.... = So 96 45 Present...) Specimens received from correspondent. 
Grand Island =: 2222 i2 eee G8 Pda Reared from fruit in 1910. 
North Pisties3 S$... 2s) ae eee 100 5042 dots. Do. 
SOUTH DAKOTA 
Athberdesn.-*-0. =. <. 63 Sos eee 9s 30 (2) Destruction of fruit crop by cold pre- 
vented observations. 
Pierre. - = 7.25235 se eee 100 25} Present...) Reared from fruit in 1910. 
Rapid City. =. 5. ee eee 103° 45°}. 5-dowe 22-5 Do. 
NORTH DAKOTA / 
PAROS 2350 colo 55. See A ee 96 50} Present.... Reared from fruit in 1910. 
qamestown :/232- 5" tcoe ee eee 98 45 (2) | Destruction of fruit crop by cold pre- 
| vented observations. 
Sma oe ee ee 100 50 (?) | Do. 
MANITOR | 
Aweme 


oe Oo eee eee 99 00 | Present...) Collected by N. Criddle (Ent. Soe. 
Ont., 1904, p. 76). 


NORTHERN LIMIT OF OCCURRENCE. 


The data bearing on the distribution of the curculio to the north 
depend almost entirely upon records in the Reports of the Entomo- 
logical Society of Ontario and in Dr. James Fletcher’s reports as 
entomologist of the Canadian Experimental Farms. The most 
northerly point is Aweme, Manitoba, previously mentioned in con- 
sidering the western occurrence of the insect. This is in north lati- 
tude about 49°. The insect is also recorded from Gore Bay, Mani- 
toulin Island, Ontario, north latitude about 46°, and at Ottawa 
and Owen Sound, Ontario. According to Prof. William Lochhead, 
the insect was quite prevalent in Quebec Province during 1909. 
There are three records from Nova Scotia, namely, Berwick, Wolf- 
ville, and Port William, all in the immediate vicinity of one another 
in north latitude 45° 30’. So far as we have been able to determine, 
the localities mentioned above mark the northern occurrence of the 
curculio. The insect apparently is quite prevalent throughout 
Ontario and the lower St. Lawrence region of Quebec Province. 

Table IT gives these localities with the approximate north latitude 
and the bibliographical references. 
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Tasie Il.—Northern distribution of the plum curculio. 


Localities. Latitude. Remarks. 
Aweme, Manitoba..2.252---<-c2¢cccccee 49 00 Collected by N. Criddle (Rept. Ent. Soc. Ont., 1904, 
p. 76). 
Gore Bay, Manitoulin Island, Ontario-.- 46 00 | Wm. Saunders (Rept. Ent. Soc. Ont., 1880, p. 8). 
(Lie CR OT St a } 45 30 | W. Hague Harrington (Rept. Ent. Soc. Ont., 1880, 
| _p. 53). 
Owen Sound, Ontario.................. 44 35 | Fletcher (Rept. Ent. Exp. Farms Canada, 1885). 
Greber. Guenee.- 2-222 222 ese cee 46 35 | Wm. Lochhead (Rept. Ent. Soc. Ont., 1909, p. 68). 
Berwick, Nova Scotia._..-.-------2---- 45 30) Fletcher (Rept. Ent. Exp. Farms, Canada, 1896, 
p. 255). 


SOUTHERN LIMIT OF OCCURRENCE. 


The most southerly location in the United States from which we 
have records of this species is Victoria, Tex., in the southwest, and 
around Hampton, Fla.,in the southeast. At the latter place the insect 
has been found very abundantly and it constitutes a very serious 
pest to peach growers. At Deland, Fla., to which is adjacent a 
_ considerable peach-growing industry, no trace of the insect could be 
discovered, although it should undoubtedly thrive in that locality. 
These observations, however, were made in 1905 and the insect in the 
meantime may have become established there. 


DISTRIBUTION OF THE CURCULIO ACCORDING TO LIFE ZONES. 


From the foregoing discussion it will be noted that the plum 
curculio is present in the humid area in all of the life zones except 
the Tropical. It is most abundant and destructive, however, in the 


Fig. 4.—Map showing by the shaded area the distribution of the plum curculio. (Original.) 


Upper and Lower Austral Zones. While generally present through- 
out the Transition Zone it would appear to be much less of a pest 
than to the southward. Sufficient data are not at hand to indicate 
its relative importance in the Canadian Zone, though it is probably 
occasionally quite destructive, as indicated by the observations of 
‘Dr. Fletcher, Prof. Lochhead, and others. In figure 4 the shaded 
area indicates the present distribution of the curculio in so far as we 
have been able to determine it. 
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REPORTED INTRODUCTIONS OF THE CURCULIO. 


There have been reports at different times of the introduction 
of the plum curculio into new localities in the United States and 
into foreign countries. Thus in 1889 it was reported by local news- 
papers as present in Los Angeles County, Cal., but the insect in 
question proved to be Fuller’s rose-beetle (Pantomorus fulleri) (see 
fig. 8), a common insect in the West, feeding upon leaves of ever- 
greens, oaks, camellias, palms, cannas, etc. 

In Bulletin 51 of the Montana Agricultural Experiment Sint 
the insect is stated to be present in the Bitter Root Valley, but this 
reported introduction was later found to be without foundation. 

The curculio was reported in British Columbia on plums, but upon 
investigation in the territory reported to be infested, none of the 
insects could be found. 

The curculio is the subject of a chapter in the Handbook of the 
Destructive Insects of Victoria, Part Il, by Mr. Chas. French, in which 
he alludes to the discovery by a Mr. Parson, of Kent, of an insect 
injuring plums very similar to if not identical with the plum curculio. 
The correctness of this record, however, is plainly doubted by Mr. 
French, and his reason for a detailed consideration of the insect in 
the work mentioned results from his expressed fear that the species 
may before long find its way into Australia. Thus far, however, the 
insect appears not to have been introduced there. 

In Tasmania, during 1889, considerable excitement was aroused 
by the discovery in cherries around Hobart of grubs which were 
thought to belong to our North American plum curculio. Subse- 
quent records as to the correctness of this belief are wanting, but it is 
probable that the insect in question was some one of the native 
species. 

More recently, in 1900, the insect was reported in New Zealand, 
near Auckland, but careful search for it in the supposedly infested 
territory did not reveal any trace of its presence. So far as recorded; 
therefore, the plum curculio is limited to the territory previously 
indicated in North America. It appears remarkable that in the case 
of an insect infesting fruits in the larval stage it should not have: 
become much more widely distributed in the United States and 
to foreign countries. In fact it is entirely reasonable to suppose 
that at one time or another the insect has been shipped along with 
fruit to various parts of the world, but that owing to certain con- 
ditions essential for its proper development it has not been able to 
establish itself. In any country with climatic conditions similar to 
those obtaining in the humid area of the United States it would 
doubtless thrive, however, and become as destructive as it is at the 
present time in North America. 


LOSSES DUE THERETO. OT 


LOSSES DUE TO THE PLUM CURCULIO. 


It is difficult to make even an approximate estimate of the shrink- 
age in value resulting from the attack of the plum curculio on its 
several food plants. While adequate statistics are not available 
on which to make accurate calculations of the value of these several 
crops in the territory occupied by the insect, an attempt has been 
made to indicate as closely as possible the approximate annual money 
loss from the curculio. These data were published, as a part of an 
article on the losses from deciduous-fruit insects, in the Report of the 
National Conservation Commission, Volume III, page 309. In this 
article the figures for the apple crop were obtained from the American 
Agriculturist and other figures from the Twelfth Census. That 
portion relating to the curculio is quoted below. 


Average apple crop in the infested territory, 1897 to 1907. 


IBENEVeIGL. 5 (oss Sue Oe eee eee eee (ge sceseeeceseeosscseesssessee0 34, 292, 700 
Estimated shrinkage of first-class fruit, 10 per cent.......-....--.------- 3, 429, 270 
Renner eo per Wamelacc ca. s. 55-2 ec- eo ie seas oka Sacs See eees $4, 286, 587 
Valneor iruitas culls, at 20 cents per barrel. .'.22...22.2.2.-.22-22-.52-- 1, 028, 781 

Micke BlosBeHr Ola Dl esa aaa. ae ann sic ska FSS sis ees phen e ee 3, 257, 806 


On apples this insect receives but little if any treatment aside from that given in 
codling-moth treatment. 

There are no available figures on the yield of peaches. It was thus necessary to 
determine this as accurately as possible on the basis of the number of trees, and a 
conservative yield which each should give. 


recs MMeimesteds territory .. xs5-2.20/0 se fse soso te een Mle ele ee 90, 931, 542 
Assuming that one-fourth bear every year, producing an average of 1 crate 
peeircesmsyalwed at 50\cents, net value. 5.....-.-.-2..----.¢i.2+0s5- $11, 366, 443 
Bepmeceaanmial loss of Sa percent. 2... 2.2. eyo lees. eee Sees 3, 788, 814 
Wasi pomapenyileriArrING CCC. 0225 ac). -- ness oe se see ite sae ene esse 300, 000 
TNONERL Sy 5 Ge SSS ae EI ce ee a ee ee 4, 088, 814 


There are likewise no figures on the yield of the plum, prune, etc., and the yields of 
these fruits were determined in a similar manner. 


Pre esimemestedaterritonry. © ossce. 0k eos: ve aede ot eres sqecdeee- 2s fs 15, 906, 398 

Assuming that one-fourth bear fruit every year at the rate of 1 crate per 
iHeemert OURCCINCS EVAL Creal sty tye ac ets sae cieclze Joe ta ees ooe Seat ee ses $1, 988, 299 
Estimated annual loss of 50 per cent.......------.--------- See See ae 994, 149 
Cosgomtreaimentasprayime, jarring, ete... --).- 22... 4ee02--2s 222052 250, 000 
“GNOTEIUS Serres OU aCe eS Ses Ay ay ee Ree a ee 1, 244, 149 

; TOTALS. 

ASE DEBS Oo Ee ee 2 oe 9 ve $3, 257, 806 
IPONCD. 5 cos bee CBR SBOE SOe Ee Eo CS Gene ee ae eee ee ee ee 3, 788, 814 
LF STE), POURED 2 US SR ay Ree eee cerns ere a 994, 149 
Tithe ot Behe Met OO EL de Coe schuue ees 8, 040, 769 
Cosizoletne atm eIntsss eyes sc site eee eye ere gees A OC Ia ea ee 550, 000 


(Giana! TOs aa a Ae be Asie SUR OO es ei ie ee 8, 590, 769 
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The foregoing shows a grand total of loss each year, including cost 
of remedial operations resulting from the attack of the curculio, of 
about $8,500,000. This amount, while by no means large as meas- 
ured by the destruction caused by certain other insect pests, as the 
cotton-boll weevil, Hessian fly, etc., is nevertheless a heavy drain 
upon the fruit-growing industry of the 
country. Unquestionably this injury 
will be reduced more and more in the 
future following a more general adop- 
tion of spraying, especially of peaches 
and plums—now entirely feasible, as 
elsewhere shown (p. 214). 

The sum total of losses due to the 
ravages of the curculio during the past 
175 years would amount to an exceed- 
Fic. pees oe eo ingly large sum, though its injuries have 

become especially noticeable within 
comparatively recent years along with the enormous development 
of the fruit-growing industry. During the past 25 or 30 years the 
total losses caused by thisinsect, to the 
various fruits which it attacks, would 
on a conservative estimate probably 
be not less than $100,000,000. 


INSECTS LIKELY TO. BE MISTAKEN 
FOR THE PLUM CURCULIO. 


The work of the plum curculio is 
well known to most fruit growers 
within its area of distribution, and 
many have seen the adult or beetle. 
Others, however, know the insect only 
from its work, or as the grub or worm 
in the peach, plum, or cherry. Not 
infrequently specimens of beetles are 
received by the Bureau of Entomology 
from correspondents who believe them 
to be the plum curculio, and which, while mostly true snout beetles, 
are quite different from this insect. Among those thus likely to be 
mistaken for the curculio are the following: 

The apple curculio, Anthonomus quadrigibbus Say (fig. 5). 
The plum gouger, Anthonomus scutellaris Lec. (fig. 6). 


Fig. 6.—The plum gouger (Anthonomus 
scutellaris). (From Insert Life.) 
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The acorn weevil, Balaninus victoriensis Chitt. (fig. 7). 


Fuller’s rose-beetle, (Aramigus) Pantomorus fulleri Lec. and 
Horn (fig. 8). . 


Fic. 7.—The acorn weevil (Balaninus vicioriensis). Fig. 8.—Fuller’s rose beetle (Pantomorus fulleri). 
(From Chittenden.) (From Chittenden.) 


The imbricated snout-beetle, Hpiczerus imbricatus Say (fig. 9). 


Ite. 9.—Imbricated snout beetle (Epicerus imbricatus). 
(From Chittenden.) 


Comparison of the illustrations of these several species with figures 
of the plum curculio will show important differences. 
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DESCRIPTION. 


THE EGG. 


The egg of the plum curculio (see fig. 10) is rather broadly elliptical, dilute milky- 
white in color, the surface smooth and shiny; the micropyle is inconspicuous, and the 


Fig. 10.—The plum curculio ( Conotrachelus nenuphar): 
Egg. (Original.) 


endsindistinguishable. The length 
is variable; measurements of many 
specimens show a variation of from 
0.43 to 0.72 mm., with a range in 
width of from 0.35 to0.45mm. The 
average size of 30 eggs was found 
to be 0.643 by 0.411 mm. 


THE LARVA. 


When full grown—length 6 to 9 
mm., breadth 1.75 to 2.5 mm.; a 
yellowish-white, footless grub, 
nearly cylindrical, slightly flattened 
on ventral side; body curved toward 
ventral side, bow-shaped; sides of 
each segment from second thoracic 
to eighth abdominal expanded into 


a fleshy lobe above and below a depressed lateralline. (See figs. 11 and 12 and PI. I, 


fig. 3.) 


Head as broad as long, about 1 mm. each way; color nut-brown; epistoma, clypeus, 
labrum, and mandibles darker; epicranial suture and its continuation as a median line 


Fie. 11.—The plum curculio: Larva, showing structural details.—a, lateral aspect; b, ventral aspect; 


c, dorsal aspect. 


(Original.) 
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extending beyond the middle of the front also darker; frontal suture light yellow, sub- 
mentum yellowish white; antennz minute, one-jointed, situated at base of mandibles 
at ends of frontal suture; minute eye-spots usually present directly laterad and caudad 
of antennz; mandibles with two blunt teeth; palpi two-jointed; seven hairs on each 
side of the epicranium, two on the front, two on epistoma, two large and many small 
hairs on labrum, two on each mandible, two on submentum, two on mentum, one 
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Fig. 12.—The plum curculio: Head of larva, with Fie. 13.—The plum curculio: Head of larva, lateral 
parts named. Muchenlarged. (Original.) aspect, with parts named. (Original.) 


on stipes, two on palpifer, and eight on lacinia; hairs arranged as shown in figures 
13 to 15. 

Thorax.—FProthcrax with a light brown chitinized shield on the dorsum.and a 
slightly chitinized area on each side of the venter; a conspicuous oblong spiracle 
situated above the middle of the side, its long axis extending dorso-ventrally; three 
pairs of large hairs on the dorsum, two pairs of large and five pairs of minute hairs 
below the lateral line, arranged as shown in figures. 


& Retractor muscle 
“SSE Extensor muscle 


Extensor muscle 


Retractor muscle 
Retractor muscle 


Extensor muscle 


Fig. 15.—The plum curculio: 
Lateral, dorsal, and ven- 


Fig. 14.—The plum curculio: Head of larva, ven- tral aspects of right man- 
tral aspect, with parts named. Much enlarged. dible of larva, with mus- 
(Original. ) cles. Much enlarged. 


(Original.) 


Mesothorax and metathorax without spiracles; each with one pair of large and four 
pairs of minute hairs on the dorsum, a large hair on the upper and one on the lower 
lateral lobe, one pair of large and four pairs of minute hairs on the venter, arranged as 
shown in figure 11. 

Abdomen.—Segments 1 to 7 each with an oblong spiracle above the middle of the 
side, its long axis extending longitudinally; two pairs of large and three pairs of minute 
hairs on the dorsum, one large and one minute hair on each lateral lobe, and three 
pairs of minute hairs on the venter, arranged as in the figures. 

The eighth abdominal segment is smaller than the preceding and lacks the outer 
pair of large dorsal hairs. 
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The ninth abdominal segment is considerably smaller than the preceding, truncate 
posteriorly, has no spiracles, and bears two pairs of large and one pair of minute hairs 
on the posterior dorsal margin and two pairs of minute hairs on the venter. 

The anus, surrounded by three anal lobes, is situated on the ventral posterior part 
of the ninth abdominal segment. 2 


THE PUPA. 


wocsecess+ Maxillary palpus 


—— — Lacmia 


Length 4.5 to 7 mm.; breadth 2.3 to 3.75 mm.; 
color white, in older specimens the eyes becoming 
reddish brown and then black and the mandibles 
and the tarsal claws becoming chitinized and visible 
through the pupal skin. A round spiracle is visible 
on the side of the second to fifth abdominal seg- 
ments, that on the first segment being covered by 
Fic. 16.—The plum curculio: Dorsal the pad of the elytron. 

aspect of maxilla and labium of The hairs of the pupa, except those on the head, 

Gee oe a Much _Jegs, and some on the prothorax, arise from tuber- 

: ; cles and are easily broken off. On the head there 
isa pair of large hairs near the vertex, a pair just above the eyes, a pair between the eyes, 
a pair on the front of the beak just above the insertion of the antenne, a pair of smaller 
hairs lower down the beak, and a more widely separated pair of minute hairsstill lower 
down the beak. There are eight pairs of hairs on the prothorax, two pairs on the 
mesoscutum, two on the metascutum, and two pairs on the distal end of each femur. 
The pads of the elytra are elevated into ridges, from which arise groups of hairs on 
tubercles, there being about seventeen hairs on each elytron. Abdominal segments 
1 to 6 each bear two pairs of dorsal and one pair of lateral hairs. The seventh segment 
has an additional pair of lateral hairs, while the eighth segment has only one pair of 


Fic. 17.—The plum curculio: Pupa, showing structural details—a, ventral; b, lateral; and c, dorsal aspects. 
(Original.) 


dorsal and one pair of lateral hairs. The ninth segment has a stout spine and a hair 
rising from a tubercle on each apical angle, and a pair of hairs on the venter. (See 
fig. 17 and PI. I, fig. 4.) 


Bul. 103, Bureau of Entomology, U. S. Dept. of Agriculture. PLATE II. 


Fig. 1.—EGG@ AND FEEDING PUNCTURES ON YOUNG WILD-GoosE PLUM. ENLARGED. 
(ORIGINAL.) 


Fic. 2.—NEARLY RIPE WILD PLUMS, SHOWING E@G SCARS AND GUM EXUDATION FROM 
FEEDING PUNCTURES. (ORIGINAL.) 


WORK OF PLUM CURCULIO ON PLUM. 


Bul. 103, Bureau of Entomology, U. S. Dept. of Agriculture. PLATE III. 


Fic. 1.—EFFECT OF EGG AND FEEDING PUNCTURES, WITH GUM EXUDATIONS, ON 
RIPE JAPANESE PLUMS. (ORIGINAL.) 


Fic. 2.—FALL FEEDING PUNCTURES ON RIPE PRUNES. (ORIGINAL.) 


WORK OF PLUM CURCULIO ON PLUM. 


FOOD PLANTS. oo 


THE ADULT. 


Length 3.5 to 5.75mm.; breadth 1.75 to 2.75mm. This stage is too well known to 
require particular description. The original description by Herbst is given on pages 13 
and 14. (See Pl. I, figs. 1 and 2; Pl. IV, fig. 1; text fig. 18.) 
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Fic. 18.—The plum curcuiio: Mouth parts of the adult—a, and a’, mandibles, lateral aspect; b, dorsal 
aspect; c, ventral aspect; d, maxillary palpus. Muchenlarged. (Original.) 


FOOD PLANTS. 


The plum curculio feeds upon and oviposits in practically all 
pome and stone fruits, as the apple, pear, quince, plum, peach, 
cherry, nectarine, and apricot. Certain wild fruits are also more or 
less used, especially when those above mentioned are scarce, as 
Crategus, crab apple, etc. There are records of oviposition in 
huckleberry, grape, strawberry, gooseberry, currant, and wild per- 
simmon (Diospyros virginana). There are also numerous records 
in literature of the breeding of this insect in black knot (Plowrightia 
morbosa), which we were able to verify during 1910. Not all fruits 
-used by the female for egg-laying purposes, however, furnish suit- 
able food for the growth and maturation of the larva, and from this 
standpoint the instinct of the parent beetle is often faulty. Never- 
theless, there is evident choice of fruits for oviposition and, as stated 
by Trimble many years ago, in about the following order: Nectar- 
ine, plum, apricot, apple, pear, and quince. This order of preference 
nearly agrees with that indicated by our own observations, but 
Trimble does not include the cherry and peach, which we would 
place after plum, with the position of nectarine doubtful, as we have 
made but few observations on this fruit. 

It must not be understood, however, that in the presence of all of 
these fruits the curculio will choose certain kinds to the neglect of 
others. As a matter of fact, in orchards of mixed fruits, as plum, 
peach, apple, and pear, all of these sorts will be freely punctured; 
but plums more so, as a rule, than the others. The insect undoubt- 
edly prefers smooth-skinned fruits, and in the case of plum, nectar- 
ine, and apricot, which are usually first to attain sufficient size to 
receive the eggs, these are always much used. Nectarines and 
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apricots are very uncertain croppers throughout the range of distri- 
bution of the insect on account of early blooming and consequent 
injury by frost. During fruiting years, however, in the absence of 
treatment, practically none of the fruit of these varieties escapes 
puncturing. During June, 1910, one of the writers examined several 
hundred apricots from trees in a neglected home orchard near Blue- 
mont, Va., without finding a single specimen free from infestation. 

As a group, plums constitute the favorite food of the curculio, 
and the varjous species of wild plums were without doubt the original 
native food of this species, and are freely used at the present day. 
The early literature of the curculio abounds with references to its 
especial injury to cultivated plums, and growers of this fruit have 
complained bitterly of its ravages. With the extension of culture 
of other fruits, as peaches, apples, cherries, etc., its injuries to these 
fruits have likewise become more and more important. However, 
until in comparatively recent years the curculio was regarded as 
preeminently an enemy of plums. (See Pls. Il and HI, showing 
curculio injury to plums.) 

Cultivated varieties of plums appear to show variation as to sus- 
ceptibility to attack. There are frequent references in literature to 
the subject, but adequate data for conclusions are wanting. In an 
extended article Mr. D. B. Wier (Bulletin 14, old series, Division of 
Entomology, p. 39, 1887) presents under the caption ‘‘The native 
plums: How to fruit them—they are practically cureulio proof,” 
results of observations which led him to believe that native plums 
are especially sought for by the curculio for oviposition purposes. 


Thus— 


The first and most important is that of evidence showing that this insect seeks 
native plums in preference to all other fruits in which to deposit her eggs. This isa 
queer-fact in biology which naturalists will be inclined to dispute, namely, that an 
insect should seek and use seemingly by preference a fruit in which to lay her eggs 
wherein but very few of them will hatch and in which but one of such larve as do 
hatch can be nourished on its sibstance to maturity. - 


Further on he states: 


I found that for every egg that hatched, and the larve had fed noticeably, that there 
were from 1,500 to 1,900 ovipositing marks of the curculio and that only one living 
curculio maggot was found in 3,100 to 2,500 plums examined, and in which her eggs 
had been laid. These percentages are from the June observations of these two years 
and coincide with previous observations. 


Mr. Wier also observes: 


The reason why the plum curculio does seek the native plums to oviposit in seems 
to be because of their very early and fragrant bloom. 


His observations that native plums are much sought for as places 
for egg laying and that the larve are not able to develop therein, led 
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him to recommend the planting of native plums among other sorts 
more subject to attack for the protection of the latter. In this way 
he believed that the curculio could be largely exterminated. To 
the conclusions and premises expressed by Mr. Wier, Riley and 
Howard have indicated thew dissent in a footnote to the article in 

question and also in their article on the curculio in the Report of the 
- Entomologist for 1887. 

Riley states in the First Missouri Report, page 53— 

That they prefer smooth-skinned to rough-skinned fruit. 

That up to the present time the Miner and other varieties of the Chickasaw plum 
have been almost entirely exempt from their attacks and that in the Columbia plum 
the young larvee are usually drowned out before maturing. 

Under the caption ‘‘Plums for the million,” Riley, in the American 
Entomologist, volume 1, page 92, further calls attention to the 
Miner and Columbia plums on account of their freedom from curculio 
injury. 

Observations by Prof. Gillette in Iowa in 1889 include results of 
studies of varieties of plums as to their attractiveness to the curculio. 
The following plums were examined and the percentages of injury 
by the curculio were found to be as stated: 


Per cent. 
Itineraries cng 1s al ea ee ink ee ane oe aa 2. 50 
WOT, debe os dus Ce ORS eae ee Se ae Nee ee eee we 17. 30 
(Cini Ras Sasa Se SS Se ee el ees ee Ne a ee See ee 15. 70 
IPGiGSE ROSSA Yes See RS eee ae EE ct ae ee eee eee 13. 60 
Native Seedling No. i. cS BATS SS Fes Ree Re Ree eo ee 8. 30 
NebumenseedlingiNon2tes: staan oN td 25. 80 
Nines SCCULIN PUNO: (Si anaate sae ona ke Pye a alas 2) Se 5. 20 
‘Welllorar ilies 182) ee se ies meee at Ne eae wal re es 66. CO 
TBs @ lke EATON ee Ae oye Oe ern Re 14. 00 
TBSTWSIR 5 eyes SS Sea NE ere ea eset es eR se 31. 50 
JET SP LRGUG 5 rg tlie SRE ae tA I tne ie ein Ree We em ee 19. 00 


The four varieties last mentioned are of the Domestica, or Kuro- 
pean type, the others being native. Mr. Gillette, in discussing the 
data, says: 

That of the European varieties an average of 46.8 per cent of all plums were injured, 
the maximum being in the case of the Yellow Mira Bell, the minimum of injury 
being to the Black Prune, namely, 14 per cent. The average injury to native plums 
and varieties was only 6.6 per cent, with maximum in the case of a native seedling. 
The several small trees of Prunus simonii carried their fruit to maturity without any 
signs of curculio injury. 


Mr. Gillette concludes that this insect has a decided preference for 
the domestica varieties. 

From our own observations we would place Japanese varieties 
(Prunus triflora) and their hybrids and crosses at the head of the 
plum list, as most susceptible to curculio injury, and the varieties of 
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Prunus americana last, as least susceptible. Between these would 
come such native species and their varieties as Prunus angustifoha 
(Chickasaw) and P. uwmbellata, the P. hortulana group, and varieties 
of the European plums (P. domestica). Practically all sorts of plums 
throughout the range of the insect are freely attacked, but the earlier 
and more tender-skinned kinds will evidently be most sought out for 
egg-laying and feeding purposes. 

With peaches, there appears to be little if any difference as to the 
amount of injury to the different varieties. (See Pls. IV to VI for 
illustrations of injury to peaches.) While the fuzzy skin of this fruit 
renders it less attractive to the insect than plums, peaches are, as a 
rule, generally used where the insects are at all abundant. In the 
South, where early and midseason varieties are almost exclusively 
grown, wormy fruit is always in evidence at picking time. In the 
Middle States, but especially in the Northern States, wormy ripe 
peaches are less frequently seen, although the injury to the young 
fruit may have been severe. Late-maturing varieties, as Salway, 
Smock, Bilyeu, etc., as stated by numerous observers, are more free 
from attack than midsummer and early varieties, growing under 
identical conditions. As these varieties ripen after most of the beetles 
have ceased egg laying, wormy peaches at picking time are corre- 
spondingly scarce. It is probably true, however, that during the 
active oviposition period of the beetles there will be no discrimina- 
tion in choice of fruit of the early, midseason, and later maturing 
varieties. 

In the case of the apple, the curculio appears to oviposit indiffer- 
ently in all varieties early in the season, but later, on account of the 
changing texture of the skin and flesh, uses preferably the more tender 
varieties and those which mature during the summer or early fall. 
Such varieties as grow and mature quickly are very generally badly 
deformed from the egg and feeding punctures where the insect is 
abundant, whereas on later-maturing varieties the injury will be 
more nearly outgrown. (See Pls. VIL to IX for illustrations of cur- 
culio injury to apple.) Late-fall and winter sorts are, however, often 
badly injured. Trimble says: “‘The early apples, as the Sweet 
Bough and Early Harvest, will suffer more than later kinds,” evi- 
dently referring to the knotty condition of the fruit when ripe. 

In regard to pears, all varieties appear to be about equally subject — 
to attack. Larve, however, are probably never able to develop in 
the fruit on the trees, and comparatively few do so in drop fruit, espe- 
cially such varieties as the Kieffer and LeConte. The injury to pears 
consists largely in deformity of fruit from the egg and feeding punc- 
tures. (See Pl. X.) 

Sweet cherries are perhaps preferred to sour cherries, although 
varieties of both classes are freely punctured. Larve are able to 
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Fic. 1.—THE ADULT CURCULIO ON NEWLY SET PEACH. ENLARGED. (ORIGINAL.) 


Fia. 2.—CuURCULIO LARVA, OR GRUB, AND ITS WoRK IN RIPE PEACH 
(ORIGINAL.) 


WORK OF PLUM CURCULIO ON PEACH. 
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Fia. 1.—WoORMY WINDFALL PEACHES. (ORIGINAL.) 


Fig. 2.—PEACHES DEFORMED BY EGG AND FEEDING PUNCTURES. (ORIGINAL.) 
WORK OF PLUM CURCULIO ON PEACH. 
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Filia. 1.—DEFORMED RIPE PEACHES. (ORIGINAL.) 


Fig. 2.—GumM EXUDATION FROM CURCULIO PUNCTURES. (ORIGINAL.) 


WORK OF PLUM CURCULIO ON PEACH. 
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develop in the fruit on the trees, and wormy ripe cherries are very 
generally present on the trees, and on the market. (See Pl. XI.) 
There remains to be mentioned more particularly the recorded use, 
for egg-laying purposes and as food for larve, of the so-called black- 
knot of cherries and plums. (See fig. 19.) Prof. W. D. Peck, in the 
Massachusetts Agricultural Repository (vol. 5, p. 312, 1819), records 
rearing of the beetles from grubs found in the warty excrescences of a 
cherry tree, for which reason he gave it the name of Rhynchenus 
cerasi, or the cherry weevil. Grubs apparently the same as those 
found in the plums are stated to have been frequently observed in 


Fig. 19.—Black-knot of plum, showing, on the left, infestation by plum-curculio larvee. (Original.) 


the warts, which it was then thought were caused by this insect. 
The larve observed by Prof. Peck went into the ground July 6 and 
on the 30th of the month the beetles began to appear. A résumé of 
Prof. Peck’s observations on the curculio are given by Harris, who 
recommends that the excrescences of plum and cherry trees be cut 
out each year after the last of June. He adds that the moose plum 
(Prunus americana) seems to escape the attack of the insect, for no 
warts are found upon it even when growing in the immediate vicinity 
of diseased foreign trees. In his Essay Dr. Fitch, in commenting 
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on the nature of black-knot, states that the larve of the curculio are 
almost always found in these growths, and the grubs consume nearly 
all the spongy matter of the warts. Later he adds: 

We think the fact well established that this insect breeds in these black-knot excres- 
cences with about the same avidity that it does in young fruit, notwithstanding these 
substances are unlike each other. 

Dr. Fitch expresses the belief that the curculio also resorts to the 
bark of different fruit trees in which to deposit its eggs when it can 
find no young fruits to meet its wants, and cites Melsheimer’s (A 
Catalogue of the Insects of Pennsylvania, 1806, p. 28, No. 589) state- 
ment 50 years earlier that the curculio bred in the bark of peach trees 
as well as in the fruit. Dr. Fitch also records finding numerous 
curved incisions in the bark of pear resembling those made by the 
curculio, causing little blister-hke elevations, containing from 4 to 
6 minute footless maggots which he thought belonged to the curculo, 
the insect wintering in the larval condition in the bark. In the First 
Missouri Report Riley states that the curculio deposits and the 
’ larve mature in the black-knot of plum, and quotes Dr. Hull to the 
effect that it oviposits in vigorous shoots of peach, but that the larva 
does not mature in these shoots. 

Dr. Trimble says that black-knot, so often found on plum and 
cherry trees, is used freely by the curculio. These knots are often 
several days in advance of the young fruit, and the female curculio 
has been known to exhaust her supply of eggs in them before the 
young cherries or plums on the same trees were full formed. These 
positive statements as to the breeding of the insect in black-knot are 
scarcely to be questioned. 

During the season of 1910 we were able to verify these records. 
From a quantity of fresh black-knot material cut from a European 
variety of plum in full fruit at Bluemont, Va., one beetle was reared. 
Mr. A. G. Hammar, however, at Douglas, Mich., found the curculio 
breeding very abundantly in black-knot on plums and cherries and- 
succeeded in rearing many hundreds of adults. (See fig. 19.) The 
comparative scarcity of suitable fruit in the neighborhood was doubt- 
less responsible for the great extent to which black-knot was used by 
the insect. 

Fruits in which the larve fail to mature—As already indicated, 
oviposition may occur in numerous fruits which are hardly fitted for ~ 
the future development of the larve. As will be shown under another 
caption (p. 56), there is a considerable mortality of eggs and larvee in 
all classes of fruit which do not fall to the ground; but in the case of 
pears, and doubtless the grape, huckleberry, persimmon, and similar 
fruits recorded as used for ege laying, the larvee would in most cases 
be unable to mature. This has been shown to be true in the case of 
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the pear, the young fruit of which upon falling dries, becoming more 
or less flinty. Many hundreds of Kieffer, LeConte, Duchess and 
other varieties of pears have been collected, but in only a few cases 
were adults reared therefrom. 


LIFE HISTORY AND HABITS. 
THE EGG. 
NUMBER OF EGGS DEPOSITED. 


The number of eggs deposited by the curculio was long a matter 
of conjecture. Riley’s estimate (First Missouri Report, p. 54) of 
from 50 to 100 has been generally quoted in the absence of definite 
observations. He further states that eggs are deposited at the rate 
of from 5 to 10 a day, the activity of beetles varying with the tem- 
perature. Prof. A. J. Cook, by dissection, found that a single female 
may contain 30 eggs. Dissections during early May, 1887, by Mr. 
W. B. Alwood showed the presence of only 1 or 2 fully developed 
eggs, although many immature ova were found. Late in May, how- 
ever, 4 to 10 eggs were found in each female. Riley and Howard’ 
in 1888 expressed belief in Riley’s earlier estimate, as based on the 
rate of development, dissections, and observations. 

The first attempt to obtain more exact information on this point 
was apparently in 1902, during the spring of which year Messrs. 
Quaintance and Smith’? made observations in Maryland on 9 females 
confined separately during their lives and supplied daily with fresh 
plums. Careful examinations of the fruit were made and the number 
of eggs deposited by each female daily recorded. 

The record is shown in abstract in the table below, from date of 
capture, May 14, to time of death of each individual. 


Tasie II1.—£gg-laying records from 10 plum curculios, College Park, Md., 1902. 


Eggs laid each week by each individual. 
toto) . 


No. of individual. May June July | Total. 
: May | May | 28- | June| June) June) 25- | July | July | July | July | 30- 
14-20. |21-27. | June | 4-10. |11-17. |18-24.| July | 2-8. | 9-15. |16-22. |23-29. | Aug. 
3. i. ; 5. 

1 cee ese eee 37 75 43 20 24 14 14 6 3 10 21 9 276 
De ota SE 65 91 40 26 11 DS ae lle 2132 oly sea Ee eee ee sees 235 
Bae ce cwenoteseeese aleceee alo ee wes SSeS eGe Seal k eterereses| nes Stee ol fete fete eee |e eet (RE en eee erp 
Meee e eee GA Sele es 62 | 102 59 51 28 Bo eerie al eset SA se ae Lr eed [er ed bes eee 304 
i doe cence heee eee 70 | 104 64 45 36 25 14 9 6 20 30 13 436 
Gee rece dees 64 67 56 51 27 ee ere reer yee elk by Es 2 |e ee ES rota 270 
sie oe eae 17 Asis | eee | ene ee | ehee ayc apes iors] ee tell PER ILLS DORN e e eee | eke 62 
Bice OOH ee a ee 45 83 Te | as Re ST Se I | eo ey gee ree rl ley ae (eae 142 
(ae 5 Aes oes Eee 65} 114 61 60 39 25 10 cl eeeers 5 10s Sate 397 
HO). Sos qaes eee 71 79 77 36 20 25 SSN ees 3 13 TON SStee 349 
BROLaE BS = See 496 | 760 | 414] 289 | 192 98 46 23 12 48 71 22 2,470 


1 Rept. Ent. U.S. Comm. Agr., 1888, p. 59. 
2U.S. Dept. Agr., Div. Ent. Bul. 37, n.s., pp. 105-107, 1902. 
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Tasue ITI.—Egg-laying records from 10 plum curculios, College Park, Md., 1902—Con. 


Tyo. of individual. 


f Maximum | Average 

Date last | Date of, | Daysun- | Dayson | number of nuns of 
egg laid death of | der obser- | which eggs eggs in eggs laid 

beetles. vation. were laid. one day. per day. 
Aug. 1] Aug. 2 8 70 15 3.94 
June 19 | June 20 38 32 15 7. 34 

May 22 tl Rees Emme ner 
June 18 | June 19 37 36 17 8. 
Aug. 1] Aug. 2 8 74 18 5. 
June 19 | July 10 58 37 15 7. 
May 26 | May 28 15 10 12 6. 
May 30 | May 311 19 17 14 8. 
July 28 | July 31 79 63 19 6. 
July 25 | July 26 74 57 15 6. 

1 Escaped. 


In Illinois, in 1904, Prof. C. S. Crandall’ made many interesting 
observations on 17 female curculios relative to their feeding and egg- 
Some of these are shown in Table IV. 


laying habits. 


TasLe 1V.—Egg-laying records from 17 plum curculios on apples, Griggsville, Til., 1904. 


No. of individual. 


Mass asorotes ses eescs 


Date of 
first egg. 


Date of | Days un- 


Days on 
which 
eggs 

werelaid. 


death of | der ob- 
female. |servation. 
July 24 63 
Sept. 15 115 
July 20 59 
Sept. 10 111 
June 16 25 
Sept. 26 127 
June 23 32 
July 26 65 
Aug. 30 100 
June 26 35 
Sept. 6 106 
Aug. 9 79 
Sept. 1 102 
Sept. 23 123 
Aug. 10 80 
July 23 62 
Aug. 20 87 


Maxi- | Average 
mum number 
number | of eggs 
ofeggs | laid per 
in 1 day. day. 

9 2. 64 
8 2. 80 
9 3. 21 
5 2.21 
2 il 38} 
3 1. 50 
4 2. 00 
2 1. 26 
9 3. 81 
8 4. 45 
6 2. 52 
8 2.71 
3 1. 37 
9 2.90 
9 4.01 
8 2. 98 
2 1. 27 


The beetles were captured May 23 (one pair May 26) in the act of 
mating and separately confined in jelly glasses, and were kept indoors 


on a laboratory table. 


vals. 


Fresh apples were supplied at regular inter- 
Observations were continued until death of female, as shown. 


During the last four or five years numerous egg-laying records have 
been obtained by the Bureau of Entomology in different parts of the 
country. These and other life-history studies for the most part have 
been made under out-of-doors conditions, approaching as closely as 
possible those which obtained in orchards at the time. 


(See Pl. XIT.) 


1Tll. Agr. Exp. Sta., Bul. 98, p. 508. 
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Fi@. 1.—EGG AND FEEDING PUNCTURES ON YOUNG APPLES. (ORIGINAL.) 


Fic. 2.—EqGG PUNCTURES ON APPLE, SOME DAYS OLD. (ORIGINAL.) 
WORK OF PLUM CURCULIO ON APPLE. 
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WoRK OF PLUM CURCULIO ON APPLE. 


Fig. 1.—Imperfectly developed apple from tree in which curculio grubs matured. Fig. 2.—Small 
drop apples in which curculio grubs matured. Fig.3.—N early ripe summer apple from ground, 
showing extent of feeding by two curculio larve. (Original. ) 
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Table V gives by weeks the number of eggs deposited by 8 female 
curculios, as observed by Mr. Fred Johnson, at Youngstown, N. Y., 
in 1905. The beetles were taken while mating, June 6, and each 
pair separately confined in a jelly glass. Observations were made 
morning and evening, at which times also fresh food was supplied. 
At date of capture, June 6, no egg punctures were in evidence on 
fruit in orchards, and the records are doubtless complete. 


TaBLe V.—LKgg-laying records from 8 plum curculios, Youngstown, N. Y., 1905. 


Eggs laid each week by each beetle. 
No. of individual. June July Total. 
June | June | June} 28- | July | July | July | 26- | Aug.| Aug. 
7-13. |14-20. |21-27. | July | 5-11. |12-18.|/19-25.} Au 2-8. | 9-15. 
| 4 ie 
INPRPBSE Deen =k DEN DIES fa Hale ie 13 12 18 18 8 0) es nest Vee Lee eh 72 
Fs 5 rs A a a 20 21 25 27 28 30 12 6 12 1 182 
Se ee oe he mers Se eke oS tele 33 30 30 37 48 TUS} Rc kU a ast er eee Be Re 191 
Eh 5 5, 2 a Bo a ee a 22 28 20 28 20 16 15 7 Bree sae 159 
eee eee ie Oe IE te 9 28 31 31 34 26 13 4 BP ey he 180 
Bos Osseo RS SNe See SSeS Se cee 17 20 22 33 27 16 8 6 Tle eee 150 
ETS ore nt a Nae 32 31 37 47 34 32 19 14 AG es 9 257 
OS aes SSS Sed ae ee SD 46 16 18 13 5 4 EA | Cees | eee |e | 103 
TROVE) Ue 35 Ses et ee eee 192} 186] 201 234 | 204 140 68 37 31 1 1, 294 
Date last| Date of [Days under) Dayson | Maximum) Average | 
No. of individual. eos laid, | death of | observa- | which eggs See SR 
88 tld. | beetles. tion. were laid. wae aaa wae ae 
(elseot Sua Cea ae Tuya) ec 3 27 5 2.67 
Sept. 1 85 | 
Si eae Aug. 10 Sept. 10 a \ 54 8 3.37 
uly 15 38 
css nc a eee July 14 (uly 20 at 37 u 5.16 
ug. 2 76 
Los esses eee ee Aug. 6 (seni 5 ei 51 rm 3.12 
et. 118 | 
ORI ree motes its cisic vi sisie.s Aug. 4 {oct 12 127 49 8 3. 67 
ept. 28 113 
Bsn 2ecbhd Shee ae do..-..ocn 4 mae i 45 9 3.33 
Aug. 20 74 
ioc: GeNe REAR ee ae Aug. 8 { Aug, 25 a \ 58 10 4. 43 
ept. 23 108 \ 
3.20 LO as ena nen a July 19 {Sept = “el 29 9 3, 55 


In Table VI are given records of observations by Mr. Johnson 
in 1906 at North East, Pa. Beetles were obtained by jarring, and 
the pairs in copula placed in individual jelly glasses on May 22. The 
food was Japan plums. 


\ 
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Taste VI.—Egg-laying records from 10 plum curculios, North East, Pa., 1906. 


Eggs laid each week by each beetle. 


No. of individual. May June Total. 
May | 30- | June} June} June} 27- | July | July | July | July | Aug. 
23-29. | June | 6-12. | 13-19.|20-26.| July | 4-10. |11-17. )18-24. |25-31.] 1-7. 
5. 3. 
— —— 
12 14 8 7 1 5 ee ae sel seers |aciS os 54 
16 16 Chil Sees 1 4 6 Galkceee 1 90 
13 20 8 8 7 AN ne Pale oj Seve, ek | ee 93 
30 17 5 2 ga er PAD ees) eee alls a8 62 
35 30 11 7 7 2 3 3 2. | Sates 102 
56 25 22 9 Bi eco alls Se oll SR Se ee | 122 
6 16 8 7 7 2 17 oie eRe (ee 71 
1 24 12 6 4 3 16.) 5 3523| hoses eee 66 
3 28 12 7 Oley 13 a 3 1 79 
11 7 il 1 Oe es 9 12 Salemeeae 48 
183 197 94 54 48 18 66 | 36 8 2 787 
Davie ies Date of |Days under] Days on pene AveraE f 
No. of individual. ate death of |) observa: | which eges|| so-so lhe 
egg laid. beetles tion were laid ceepues eggs laid 
7 ‘ “| one day. per day. 
July 21 60 
eo Waa tated See ia July 10 V0. to \ 30 6 1.80 
uni d 
Bas SA hee NDR NG are etal Aug. 4 {As 252 298 | 32 16 2.81 
uly 28 67 
uae rns eg teeny eg * July 7 cine tr \ 32 15 2.91 
Ted ey ae NT | Lee RS July 14 nae a oe \ 26 6 2. 40 
Aug. 16 86 
Tad Taebeain Soom edie aale Ss, Ve July 26 i. dons oF \ 37 uW 2.76 
ug. 13 83 
ican Saya Bes puso July 2 {Aue i 3 \ 32 16 3.81 
une 141 
(seer atucors BoSsaEeee Sseuas cree July 22 Tully 262 265 \ 34 4 2. 09 
uly 181 127 
2 es rh Coe Serer mee SiN lc July 15 July 202 265 | 2g 7 2. 36 
Aug. 27 97 
(Ce Oa sets Etre eee eer ot Aug. 1 ,.40 Aion 97 \ 35 6 2. 26 
uly 28 67 
Te as RN oe Ste ape ls July 26 Hn 59 el 22 5 2.18 
1 Male. 2 Female. 


In Table VII are records of eggs laid and of egg punctures by four 
pairs of beetles kept in the insectary at Washington in 1905. 


TasLe VII.—Egg-laying records from 4 pairs of the plum curculio, Washington, D. C., 
1905. 


EGGS LAID EACH WEEK BY EACH BEETLE. 


June 
se ae May | May | May | June} June | June | June} 29 | July | July | July 

No. of pair. 1-17. | 18-34 |25-31.| 1-7. | 8-14. |15-21.|22-98.| July | 6-12. |13-19.| 20-26, Total. 
5 

104 | g4| 109) 40] 953) 50 | 50 | 21 | 7 080) eerie eee 

40| 86 | 60| ~ 44) 99) 35; “14 | folie ee eee ee 278 

4g | 57 | -65.| °° 37 16 | 23:| 17 | ceed eee ee 263 

40| “1622 (8) 821) 30 |. oat 2 sc ee ceule amteo 

Totals. vee oes 232 | 213| 242| 153] 198| 108| gsi] 21| I7| 28) a |) wyovd 
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TaBLe VII.—£gg-laying records from 4 pairs of the plum curculio, Washington, D. C., 
1905—Continued. 


EGG PUNCTURES MADE EACH WEEK BY EACH BEETLE. 


June 
ag May | May | May | June|June| June|June| 29- | July | July; July 
No. of pair. 11-17.| 1-94,| 95-31.) 1-7. | 8-14. | 15-21.| 22-98,] July | 6-12. | 13-19. 20-26, Total. 
5. 

ile pwc dhe ose eso eee ae 112 88 110 48 51 59 67 26 19 34 2 616 
eee ie seis woe tia cists bie 77 54 70 52 41 44 1 eee ere bis a ciell aectsrrcsl Racer 350 
2. os edt beeeg dS 61 65 61 39 16 25 Dias seicla[seeellae see lnc secre 289 
dh. SS GaSe COE ae eee eee 51 il 13 28 DS Spon pase nal | Reyes | eee teae [eerie eres 131 
NOUS Saas seeeeeers 301 218 | 254} 167] 136 128 | 101 26 19 34 2| 1,386 

Average 

Days under 

“ Date last | Date of death number of 

No. of pair. egg Jaid. of beetles. poree: eggs laid 

é per day. 
wos Soa ae CEE SBO OORT Sea ES te ere ten et negra July 21 | Aug. 282. 2 2110 4.95 

it & 
Dac aaa dace dh eS Cie Ie le Ta Tune) 26 Wagan ach | 6.19 
: July 31... 154 
Ackseaee hee rr chal Deneve flee ees Tune 26 TO Ba ae | 4. 60 
2) 11 
Le gcin 83nd eae a Tipe at) MESS ones aaa 3.23 
1 Male. 2 Female. 


The beetles were captured at Arundel, Md., on the 9th of May by 
jarring plum trees. All caught were inclosed together under a bell 
jar until May 11, when the pairs were separated and placed in indi- 
vidual jars. From three to five fresh plums were added at intervals 
of one to four days, and those taken out were carefully examined. 
After about June 10 apples and plums were used as most convenient. 

The insects were kept under a temperature considerably higher 
than out of doors, namely, in the insectary building. The prolificacy 
of these individuals is not greater on the whole than in the case of 
those observed at College Park (Table III), but the death of pairs 
2, 3, and 4 was evidently hastened beyond what would occur under 
normal conditions.: 

In every case more egg punctures were made than oviposited in, 
though the difference in the case of pairs 3 and 4 is less than with 
pairs 1 and 2. 

In the curculio egg record on peach, Myrtle, Ga., 1906 (Table VIII), 
the beetles were captured by jarring, April 5, and taken in copulation 
some hours later. Each pair was separately confined in a jar and 
supplied with peaches until July 25. As all peaches had been gath- 
ered from the trees by this date, foliage was supplied subsequently, 
which fact no doubt hastened their death, as most individuals died 
within a few days. 
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TaBLeE VIII.—Egg-laying records from 9 plum curculios, Myrtle, Ga., 1906. 


Eggs laid each week by each beetle. 
oo <i 
ence epee (Pet clee i Cie. |. 

No. of individual. oi g 5 2 S s x ra _ | 3 i 5 2 é cs 4 
228s |S Sete sa le ee 
ete ai esapies tees coe oe Ss | ES ds] & 
alralalaleleilalael|al|alal]alsalelel eis 
4i(4f4¢qi4iale isis 12) 222) 212 teem 

dep ene ner aoe Sea 4) 4] 3/25) 6) 5) 1 17 10 
ea secu sitnsiass sae Slap aa ae Sao | heZel OM imetila 5 Eee sae 
See ee iar ee eee eee ae 11 | 13 | 10 | 38 | 20 | 24/13]11] 2 
CP Sar SE Eee at See ERC 4|/ 3) 4/17)....|; 138) 9] 4] 6 
ie aree eras eh acter Says Seal aL | OR ieee Bee llh Aes 
Goa eee See a ae et US Op epee Syl pay ws 
LIP reir ea sete Stas A Sis baat leaks |e iene 4| 3 
to repens re Meet ete Bays eneee aT PLS SOs |e em oe anda eee || eee | ee 
Die OS oa May ata TER A EN 2/11] 6) 30) 6] 23] 20] 10].-.-- 
Ota eek taut eas 58 | 62 | 41 176 | 50 | 83 | 48 | 40 | 33 
Average 
Date of | Days under 
No. of individual. pee death of | observa- nee 
88 * | beetles. tion. ae day 
May 18! 1 43 
Woscebssccacescsaccecaesseseeaa sete osecsecsosccasoessageses: July 4 (July 302 2116 \ 3.57 
uly 291 1115 
Moz ozcncesecsssssorsssseseee2 22 2so2secenssaeaooasseacasoanas May 7 Tare 52 261 \ 1.55 
Aug. 11 1118 ¥ 
SiGe irerlal Week EN EUR ETT Sta ty OE Oe Us Og ee June 22 {PUB Fo vel 5.31 
July 241 1110 
008 PSS 99S ae es Se oe eae SS" Sasser oes sa2edea= June 6 (uly 262 2112 \ 3.93 
uly 201 11 
a Seam AMin Metric a cS elmelieeme LT eM All Ta 4 beds 5 tot eaeenuelege 
A een ae MEIGS UE Death SE ea aOR a. Ce Wy). pia June 22 {20 78 ae | 4.04 
June 21 158 
(osescanessasescsesdssccsesecacasasescecsescssoeuseossonses: June 1 Nina 26 2 289 \ 2. 26 
sets ee May 16 [{7™ReIS*/ TAN gp 
Aug.101 112 
D- een eee ee ee eee eee July 25 {Aue 2 2 ae \ ; 5. 81 
1 Male. 2 Female. 


Comprehensive records were obtained at Siloam Springs, Ark., 
during the season of 1908 (see Table IX). Curculios were jarred from 
plum trees April 17 and the same day 30 pairs were selected and sepa- 
rately confined in jars. The beetles were given fresh plums daily as 
long as plums were available, after which apples were used. Obser- 
vations were made daily. 


a ne 


PLATE X. 


Bul. 103, Bureau of Entomology, U. S. Dept. of Agriculture. 


(‘TeursI1Q) 


‘soinjound surtpooy puv 380 WOT SUT}[NSOI SIved Odi pomIOJop puB AOU y 
‘SUYVAd OL OIINOYND WNI1d Ad AYNEFNI 


age nga) a aE ema avert) y ON 
; : : sy ee has oer! Jie Seed 2 ei et * a 


ey toca 


Bul. 103, Bureau of Entomology, U. S. Dept. of Agriculture. 


PLATE XI. 


PLUM CURCULIO INJURY TO CHERRIES. CHERRIES CUT OPEN, SHOWING THE GRUB 
AND ITS WoRK. (ORIGINAL.) 


LIFE HISTORY AND HABITS: THE EGG. 
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TasLe 1X.—Egg-laying records from 30 plum curculios, Siloam Springs, Ark., 1908. 


No. of individual. 


| Apr. 22-28. 


No. of individual. 


| Apr. 29-May 5. 


Number of eggs laid each week by each beetle. 


nN x 
4g Besa bb we 
5 Sli Sol|alsa oil) || ce : 
Fat ev lteeal (on ta alia || eee i ellen 
b a a y 0 = = N at o al AQ R b i=! as 
mle) m>l|e1g|/eslg)|g] ble] | be] be] wm] wo] Ss 
8 3 ‘Ss 8 = = = = = 5 3 S 
S/2/S/S/2/Z/2/Z/2)/E/Z/2/2)2)2) 2 
Sa OR) TSN Mel Bay PAD | TN Gay ON A ee elesee Brae eae 213 
38 | 40 | 37 | 27 | 16 | 31 | 23 | 13 Halle 2 ae ee Bg See 281 
A4 | 41 | 35 | 44 | 33 | 29 | 21} 21 | 14} 29} 11 9 7 3 388 
11 | 12! 4] 13 6/14! 8] 11 Dh ot Preteee | epee Seer cae 113 
30) esa eeSeliee ce Relic ate] sSealoe.aie|s osalecs eaealle eae 77 
40 | 45 | 42 | 37 | 23 | 25 | 20) 14] 18 7 6 Uoile 309 
26 | 27 | 20 | 27 | 22 | 23 | 14 | 16] 11 4 8 4}... 245 
6 | 10 | 17 | 14 0 waeelacel eebel SaSe asad oases seine leeeel eee 66 
HIEMOT rel eRe wea Renal se salle oie, IR oO on ee: 59 
34) | 24.1225) 265) 26) | 35 | te | 21 14 eo ee. see eS 268 
15 | 13 6 vi || al 6 gE ee 27m |leareoy | reer 83 
31 | 24] 19 | 13 7 8 OYE elas aasallacere Sac lnese 155 
19 | 14] 19} 16 | 11 | 18 8} 9 1 3 |. Sera wsieie 132 
HSN BI A TL GA LS Se Selle ys eS Se! |e 108 
19 | 19 | 19 | 16 6/ 9 2S oR alot <\libaplincre ements 120 
21 | 18 /] 13 | 13 8 u 4 3 2H | seeps [praca 2 AG easel 109 
31 | 18 | 28 | 26 | 11 | 30) 10} 6) 12 2 5 Ih 383 2 224 
ay Gy 833 eee allesaal abadSosclioac cl Sood Gace Saar eesallaees| esee 111 
Sy eave inc ee |S Boos Gace toon spas Gsor some oeers| eee tomer eae 4 
Sel aes eee ere See ete eter he a eer east score | epee. Belles Seee 0 
23 | 24 | 20; 34 | 18 | 30 | 13 | 11 | 13 | 19 | 11 3 5 2 261 
Be general ree ee aie Sse [oe [epee ime cecal Paces Syailts crs mae [epee age allie inns 9 
29 | 38 | 43 | 46 | 22 | 12 8 | 10 7 1 73 ee |e 268 
7 9 PhS Seelam Soon asec bose laser sogd Sep 33 
23 | 14] 13 | 12] 13 (al Semele Ae eles. HS eee ee teeel ste eel eevee 121 
38 | 48 | 48 | 38 | 31 | 17 6 | 13 8 | 10 2 79 N 5 sacl} U0) 306 
41 | 37 | 25 | 36 | 24) 29|.14] 9 3 lleceal! al j} iI) He Pee 273 
Neer eee) Gi euler issaelleeceve ile Deere Nac Seale 34 
PY 8 Nal bet ahd (ied AEN tee tess eee hea av |e |e 117 
30 | 28 | 32 | 33 | 28 | 24/10} 9] 9 2 237 
343 |673 619 |545 |536 '350 |399 |195 |177 |133 | 83 | 49 | 39 | 14 | 15 4,724 
Maximum | Average 
Date last aapteot Davee Deys ees | Dumber of | number of 
egg laid. | peetles tion were laid eggs in one| eggs per 
i ‘ " day. day. 
11 3.13 
10 3.90 
12 3.92 
10 1.98 
10 3. 66 
12 3.96 
8 2.95 
5 2.20 
5 1.90 
8 3. 57 
5 1. 84 
7 2.92 
8 2.20 
5 2.25 
5 2. 26 
5 2.18 
7 an2) 
10 3.97 
3 2.00 
OU ee SS See 
L 8 2. 84 
4 3.00 
10 3. 52 
3 1.57 
5 2.63 
12 3.92 
12 3. 54 
6 1.79 
6 2.78 
9 3. 24 
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In Table X is presented the egg-laying record of 18 beetles, as 
obtained by Mr. Hammar, at Douglas, Mich., during 1910. The. 
beetles were confined June 7, and the last egg was obtained on July 
24. The period of oviposition is noticeably shorter than in several 
other records presented. ; 


Taste X.—EKogg-laying record of 18 plum curculios, Douglas, Mich., 1910. 


Eggs laid each week by each beetle. 
No. of individual. Total. 
June June June June July July July - 
7-13. 14-20. 21-27. |28-July 4.) 5-11. 12-18. 19-26. 
29 TOs ees aces | Se ceee eee ae 81 
35 60 47 set een Re 201 
13 Geese Roce ee 57 
22 24 8 3 eeaeeeee 74 
3 11 15 3f 9 90 
37 KG ee sees ees ocen 62 
13 23 16 12) Pas sees 85 
6 18 8 Vie ere 64 
32 36 1 il ee Src Ros o Sse 112 
10 24 27 17 4 110 
26 34 inl eee ee ae ee cc 83 
20 ib 3h ergs aes RO Reco as cele oc 57 
3 |scosscoses|oeoscoases|pos-sa2cna||ee2e-2e002 25 
LOA peis See ces 52 4 ea See 25 
12 VO forsee See AEE SER ares ee 31 
19 58 (ial ens eS Lis os 83 
8 12 6: Ee vic S22 cial eee 26 
29 49 (Oi ienc cot Oe eee 148 
329 423 229 89 13 1,414 
Maximum | Average 
| Date of | Days un- | Days on 8 
malar Date last : : number of | number of 
B : death of | der obser- | which eggs = 
PCOS NEES egg laid. beetles. vation. Tae laid, SS) Tal ONE | SSS 
day. day. 
|fouly 11 34 
favzssiniceehdie es daelpa aonb repiA pane June 29 {2 15 co | 16 u 5.06 
OR vt tee Ne ty SE July 13 a US 41 34 11 5. 91 
ug. 22 76 
Dig we eel Pn een ie June 30 {eent. “5 go |} 14 10 4.07 
July 13 36 
Eee k GLB ian) Lar oe ee July 13 Hay 30 By \ 22 i 3. 36 
[eee c eam Se RRR TINE ACh ee ee July 24 | July 29 52 26 10 3. 46 
Oe ee een Rn yer ee eee eae ulys | uly Se 28 15 10 4.13 
Fates Cpeeineh UCP ANE oh Divi 1G: ||sasocccee 0 28 6 3. 03 
Wp hagerese auntie Stee drt oh a Ses July 14] Aug. 1} 55 21 6 3. 05 
QIN SS DOS AR Ries a aaa payers eset dhwilie (3) 55 Cl = - 55 22 11 5 09 
Oe eee ere tics AC ERE EEO diiby AO |acssseasse 0 29 9 3. 79 
Ie ee eee ae os OS ee eee July 5/| July 6 29 16 10 5.19 
DE Ae erm neyo ESSE ae July 1) July 3 26 13 10 4.38 
TB SENS en Pee ee ere hee) Antes June 25 | July 31 54 5 9 5. 00 
i. Be ray soi ere Je )s le ao ee pare ete ese July 6) July 18! 41 9 4 2.78 
[Dice Sele oe ee as enter ae aT oR nie HON wetiallesee seca e 0 9 4 3. 44 
14 Jae ee Se! GU er ase ears Saar July 5| July 6 29 12 18 6. 92 
TAP ie et pe ey See tn ay ets July 8 | July 13 36 10 4 2. 60 
July 12 35 
PGMS ace as penta en canara July 11 ee i ee \ 19 14 7.79 
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All of the above records, with the exception of those from Illinois, 
are brought together in Table XI. A total of 12,602 eggs is shown 
from the 7 localities. At College Park, Md., the maximum number 
of eggs deposited was 426 and the minimum 62, with an average of 
274.55 eggs per individual. At Youngstown, N. Y., the range is from 
257 for the maximum to 72 for the minimum, with an average of 
161.75. At North East, Pa., 122 was the greatest number of eggs 
deposited by an individual and 48 the lowest, with the average only 
78.70. At Washington, D. C., under laboratory conditions the 
maximum number of eggs laid by a single curculio was 557, the 
highest of all records for this insect, and the lowest 126, averaging 
for the 4 individuals under observation 306. At Myrtle, Ga., the 
maximum was 154 and the minimum 1, although this latter record 
should perhaps be disregarded; the average was 76.44 eggs per 
female. The records at Siloam Springs, Ark., include a large number 
of eggs, namely 4,724, from 29 pairs, one of the beetles confined fail- 
ing entirely to oviposit. The maximum number of eggs by 1 female 
was 388 and the minimum 4, giving an average for all pairs of 162.76 
eggs. At Douglas, Mich., the greatest number deposited by a single 
female was 201, and the lowest 25, with an average for the 18 indi- 
viduals of 78.56 eggs. 

In comparing the number of eggs deposited by the different indi- 
viduals for the respective localities and the averages of all beetles for 
a given locality, great variation is to be seen. Certain females, 
perhaps sickly or otherwise abnormal, deposited very few eggs, 
although feeding freely. Others oviposited assiduously throughout 
their existence. The final average number of eggs per female for all 
localities is 144.85, ranging from 1 to 557 eggs. Although the ovipo- 
sition period is greatly extended, yet the bulk of the eggs is deposited 
rather early in the season. As shown under the heading of percent- 
ages of eges deposited by the second, fourth, sixth, and eighth weeks, 
the proportion deposited by a given time varies much in the different 
localities. There is, however, a general agreement that the great 
majority of the eggs have been placed by the end of eight weeks. 
The averages of all localities, shown at close of Table XI, in view 
of the considerable number of observations doubtless indicate about 
the rate of oviposition which may be expected in orchards. Approxi- 
mately one-fourth of*the total eggs are laid during the first two 
weeks, one-half during the first month, three-fourths within six 
weeks, and 88 per cent of the total within eight weeks after fruit is of 
size to be usable for oviposition purposes, 
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TABLE XI.—Combined weekly egg-laying records of all beetles of the plum curculio for each 
locality and percentage of eggs deposited within two, four, six, and eight weeks from 
confinement. 


g bb Total number of eggs laid each week by all beetles of 6 
fs] he 
ewe the respective localities. 3 
Si 
o96 =i 
Localities. a ee og a a = = s 1 eri see 
23 |°4|E4)ea]ta| ea | ea lea} ee fFges) Se 
fe l[us|sslss|ss|—8|*s]2s|as|.88] 3 
G/TB)/ SESE | SE |-B|-5|5E | 25 |ShoR so 
Zs | & oa) a & i) oa) n Bo le is 
College Park, Md...--..-.---- 9 | 496 | 760) 414) 289) 192 98 46 23 153 2, 471 
Youngstown, N. Y....-.----- 8] 192} 186] 201 | 234|/ 204; 140 68 37 32 1,294 
NorthsWast) Bases sone sneer 10 81} 183 | 197 94 54 48 18 66 46 787 
Washington, D.C.........--- 4) 2382] 213 | 242] 153] 128} 108 81 21 46 1,224 
Myrtle: (Gal. 32 Sea 9 58 62 41 | 176 50 83 48 40 130 688 
Siloam Springs, Ark.........-. 29 | 254) 300; 343) 673) 619 | 545] 536] 350) 1,104 4,724 
Douglas, Mich.......-.---.---- 18 72 | 259] 329} 428) 229 89 13. | 50255 |Seeeeeee 1, 414 
Motaleccs-csse o> desea eee 1,385 |1,963 |1,767 |2,042 |1,476 |1,111 | 810) 537] 1,511 | 12,602 
P : 
Mareicaer: | Niairiran aereraee ercentages of fol eggs deposited by 
number of | number of | number 
Localities. eges ay eags per of eggs 
individ-"| mdivide | per md}! Second | Fourth | Sixth ||) Rieke 
ual. ual. vidual. week. week. week. week. 
College Park, Md..........-.- 436 62 274. 55 50. 82 79. 27 91. 01 93. 40 
Youngstown, N. Y...-.....--- 257 72 161. 75 29. 21 62. 82 89. 41 97. 52 
INorth¥ast; Basseeeeeee eee 122 48 78. 70 33. 54 70. 52 83. 48 94.15 
Washington, D.C........-.-- 507 126 306. 00 36. 35 68. 62 87. 90 96. 24 
Myrtles Gace acdc etsecjnct es 154 1 76. 44 17. 44 48. 98 68. 31 81.10 
Siloam Springs, Ark.......-.-. 388 4 162. 76 11. 71 33. 21 57. 83 76. 58 
Douglas, Mich.....-.....----- 201 25 78. 56 23. 40 76. 59 99. 08 100. 00 
Averages for all locali- 
ties) combined S25 5-24 esses osee| as eee 144. 85 26. 56 55. 04 77. 32 88. 00 


LENGTH OF EGG STAGE. 


Little exact information as to the period of incubation of eggs of 
the plum curculio is to be found in the earlier accounts of this insect. 
Trimble (Insect Enemies of Fruits, p. 29) states that if the weather 
be cloudy and cool, a week or 10 days is required for the eggs to 
hatch, but that in very hot weather the young grubs will escape in 
4 or 5 days. Riley and Howard state that from 3 to 10 days are 
required for the egg stage, depending upon the weather. Other 
writers have given about the same periods. In 1904, in Illinois, 
Crandall determined the length of time required for hatching of 6 
eggs as approximately 44 days for 4 and 4 days 9 hours for the other 


two. His observations were made on eggs kept under laboratory 


conditions. 
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Fia. 1.—OuT-oF-DoorR House USED IN LIFE-HISTORY WoRK. (ORIGINAL.) 


Fig. 2.—SOIL CAGES USED IN OBTAINING DATA ON LIFE OF INSECT IN GROUND. (ORIGINAL.) 


METHODS OF STUDY IN PLUM CURCULIO INVESTIGATION, 
BARNESVILLE, GA. 
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During the past 3 or 4 years we have been able to secure records 
-on the incubation period for many eggs in different parts of the 
country. 

Observations on the length of the egg stage under out-of-doors con- 
ditions were made at Youngstown, N. Y., in 1905, but are not as 
extended as could be desired. Nevertheless, the following data by 
Mr. Johnson are of interest: 7 eggs deposited from June 8, a. m., to 
June 9, a. m., had by June 15 developed as follows: 

2 larve hatched, but still in egg cavity. 
1 larva escaped from eggshell. 

1 larva feeding at pit of fruit. 

1 larva in short burrow near egg. 

2 eggs unhatched. 

These figures in a general way would indicate a period for the egg 
stage of 6 to 7 days. 

Forty-six eggs deposited June 15 from 1 to 7 p. m., on June 20 at 
2 p. m. were found to have developed as follows: 

- 20 unhatched. 
15 larve hatched, but still in egg cavity. 
11 larve in burrows, one-fourth to one-half inch from egg cavity. 

This indicates an egg stage of approximately 44 to 5 days. 

Forty-three eggs deposited June 24 were found on June 30, at 6 
p- m., to be in the following condition: 

6 eggs unhatched. 

16 larve in burrows, about one-eighth inch from egg cavity. 
11 larvee in egg cavity. 

6 larvee just burrowing out of egg cavity. 

4 larve feeding at pit. 

The egg stage with this lot is from 5 to 7 days. 

At Washington, D. C., in 1905, Mr. A. A. Girault made many 
observations on the length of the egg stage, as shown in Table XII. 
The eggs were kept in the insectary, and the temperature on the 
whole averaged considerably higher than at the same time out of 
doors. The longest period of incubation was 5 days, in the case of 
30 eggs deposited on May 18, and the shortest period was 2 days and 
15 hours, for a lot of 22 eggs deposited on June 14. The average 
incubation period, as based on the total number of egg days, is 3.77 
days. (See also Table XIII.) 
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TaBLE XII.—Length of egg stage of the plum curculio, Washington, D. C., 1905. 


- Average 
Eggs under Approxi- 
Shoerva: | qD&teel, bustziengin| Toll exe | length o 
tion. of egg stage. by m Stns, 
Days. Days. 
1 | May8..... 3.75 3.75 
40 | May 9-10.. 3. 75 150. 00 
1 | May 9...-. 4.25 4.25 
60 | May 10-11. 4.00 240. 00 
40 | May 15.... 3.75 150. 00 
30 | May 18.... 5.00 150. 00 
10 | May 19.... 4.75 47.50 
TEP Ny eee OCs oS ee ett 745. 50 4.10 
10 | June 7..... 4.00 40. 00 
22 | June 14.... 2.50 55. 00 
25i ce GOlee ee 210 68. 75 
1 | June 28.... 3. 50 3. 50 
HP eesdorese ake 3.00 3.00 
Ee Yap PA ee og Be 170. 25 2. 88 
PAW diol le see 2.75 5.50 
2 || dulya lise: 2.75 5.50 
| Is en (Cypress 2.75 2.75 
1 | July 17.... 2.75 2.75 
Gia Sace eel aay aereacrs 16.50 2.75 
Total:number Of ees 225 oc ak wee SSeS ero ee Ie Ce 247 | 
TOGA] Ee PKA VS aso oe Fee Poe eee eV ca Se By eae high 2 ee 932. 25 
Averageilength of egg stage; days. ..2. 0. 22sec .452e0 coe cow see de ne isos ee ee eee 3.77 


Records of 140 eggs, covering the period from April 9 to June 16, 
1906, at Myrtle, Ga., are given in Table XIII. Although material 
under observation was kept in the laboratory, yet temperature con- 
ditions in this instance were not essentially different from those 
obtaining out of doors. 


TaBLeE XIII.—Length of egg stage of the plum curculio, Myrtle, Ga., 1906. 


: Average 
Eggs under Approxi- 
observa | aDateet, imatelengtn| Toft! eee | length of 
tion. of egg stage. by m o1the. 
Days. Days. 
Us ibeore aces 2.75 2.75 és 
na ero seem 3.00 3.00 
1 | Apr. 11.... 4.75 4.75 
4 | Apr. 12... 4.25 17.00 
8 | Apr. 15... 5. 50 44.00 
2 LdOssae sek 6. 75 13.50 
29 | Apr. 20.... 5. 25 152. 25 
LOM |22-doseeee= 5. 20 52.50 
38 >| Apr. 275... 4.00 152. 00 
11 | Apr. 30.... 3.00 33. 00 
LOB, | serene eee eee 474.75 4.52 
9 | May 5..... 5.75 51.75 
6 | May 20.. 4.50 29.00 
10 | May 31.. 3. 25 32.50 
Asean Ta creates (Sega iea ta tees 113. 25 4.53 
3 | June 7....- 3.00 9. 00 
7 | June 16.... 3.50 24. 50 
LO lhc etnies sealice ereneeree 33. 50 3.35 
Total number of 6g gs... ssc ee ss tee Pots ce see as des eee ee ee eee ee 140 
Total ego a ysis: 2.5) Degree ase ae eae ay es Oe a 621. 50 


Averagelength of egg stage, days. - . -...s5csciscacsiss o= cose ceca eee cove anede eee eee eee eee eee 4.44 
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The shortest period, 2 days 18.5 hours, April 9 to 12, was closely 
approximated later in the season, June 7. The longest period, 6 
days 21.5 hours, occurred April 15 to 22. The average egg period 
for the entire series is 4.44 days. 

In Table XIV are given records of 113 eggs, observed in 1907 at 
New Richmond, Ohio, on different dates during May and June. 
The longest egg period was about 6} days, on May 18, and the 
shortest 3 days and 5 hours, on June 20. The average egg period 
for all lots is 4.92 days. 


TaBLE XIV.—Length of egg stage of the plum curculio, New Richmond, Ohio, 1907. 


= 7 Average 
Eggsunder| pateof | APPTOXI | potalege | length of 
POSSI deposition. alnie lene days egg stage, 
tion. of egg stage. by months. 
Days. Days. 
39 | May 18 6. 25 243. 75 
3i | May 23 5. 00 155. 00 
TAD eal Sete tomear ets oeecee eee 398. 75 5. 69 
23) | ouMenlfeace 4.00 92. 00 
20 | June 22...- 3. 25 65. 00 
ADEE BE cyt oo tees ee cee eee ce 157.00 3.65 
Tinsel Musee OF OHS. q sesh oe ae ie Bs Eee etm sie © OR Ie ote ae ee ets 
ave) OBE CATS. < ogac aioe Sooo ats eee RO hee eS BER Oe Bee Be ee a ie eee ae 555. 75 
ASHSD EG GTA ORAS SGI E NCES see eae ee ees I te See oe ee ee 4.92 


Data were secured on the egg period at Siloam Springs, Ark., 
during late summer from August 15 to 25, the time varying from 
34 to 6 days, the average of the 18 eggs for the period being 4.66 days. 

Some egg records made under out-of-doors conditions in the 
insectary yard, at Washington, 1908, are given in Table XV. The 
period included from May 7 to 22 was marked by abnormally low 
temperature, and its effect upon egg development is clearly shown. 


TaBLE X V.—Length of egg stage of the plum curculio, Washington, D. C., 1908. 


Eggs under Approxi- 2 

observa- ae ak mate length coal nee 
tion. Pp * \of egg stage. y 

Days. 

3 |) WEY F/eoess 11.00 33. 00 

ts | Read OF ee gee 10. 75 10. 75 

4 | May8..... 9.75 39.00 

oT Eee once ee 10. 00 50. 00. 

3 | May 8-9. 9. 50 28. 50 

NES ROS 2 se! 9.7. 9.75 

Dea een On sae ae. 10. 50 21.00 

de eeador-e 10. 75 10. 75 

5 | May 9-10 8.75 43.75 

Ses Pend ose-n-e 9.50 28. 50 

7 | May 10-11 8.50 59. 50 

1 -do... 8.75 8.75 

1 | May 11 8. 25 8. 25 

3 | May 13 8.00 24. 00 

3 | May 13-14 8.00 24. 00 

1 | May 14 8.00 8.00 

Tes ead ove 7. 75 7.75 

Ara hey eines Xe pe Su 415. 25 


TPT TEL TENRATET OVEN e OR RS SS ie Re A a Sy ek ae ac eT 
Total egg days 
Average length of egg stage 
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The longest ege period was 11 days 2 hours, the shortest 7 days 18 
hours, the average length of all lots being 9.23 days. These figures 
are in wide contrast to those obtained at Washington in 1905, and 
indeed at all other localities, except for April, at Barnesville, Ga., 
and the early part of June at Douglas, Mich., in 1910. 

Comprehensive data were obtained by Mr. Hammar during 1910, 
at Douglas, Mich., for June and July, these months averaging some- 
what cooler than normal. A total of 944 eggs was observed under 
out-of-doors conditions, as detailed in Table XVI. 


TABLE XVI.—Length of egg stage of the plum curculio, Douglas, Mich., 1910. 


Eggs hatching in specified days from 


Eggs Date ‘ti 
adore of deposition. Total 
obser- | deposi- - ae 
vation.| tion. ays 


10 


PS 
on 
for) 
“I 
[0 /2) 

| © 


TAL |) dhbaaves 9 \esecllescclboas 
3) Abaye, 110) ose slescallees 
40 | June 11 |.-.-|----).-- $: 
Oey Wr ahonsy WD Wenalboocleoaalseac 
52 | June 13 }_..-|_..-|..--| 10 | 40 
46 | June 14 |....|_..-|...-] 36 | 10 |-- 
54 | June 15 |....|...-] 20 | 30 4 |. 
98) June 16 |---| 16 | 12 |. ---|----)- 
re || Aposars, Uae asl) Bo NB leeeclaceaileaaaligace|[se 
SYR i dobaey ale) | Resell BkO eco olloccs|locas|accaliieon|me 
Tannery IP Bb lee ealeseelecollosos|lacocliaso- 
0) Vana) GL |) 1) | SERN 4b esoalbccellososlace- 
31 | June 22] 6/|18] 7 |..-..|.---|--- 
33 | June 23 | 10 2) 17 Ae ea | eee 
18) June 24) 1} 5) 3) 9 ee seie-: 
14 | Jume 25 }...-| 4] 10 |----|..-.-]---- 
wo || doa) Asoo 0 |) USS |ecce|| 4 Ioc- 
36 | June 27 }...-| 28 | 7 Seer ee 
Sy th apa) QS.) 63 |] BE |) Wt en ssiecaclless 
33 | June 29} 11 L214 | seers 
Bye || dbbar> B10) |lecoal) Bi dleaeallesoc|losa4 


4 
6 


=] 
oO 
NoWwnre 


— 


647 Totals sic eae She SNS coe eee ae 
18} |) dialkyl iecesiese- bal O. || se nse eres eee 
Py \) dwlby 3 Jesssi| & |) WO ecsalessaibose|oscelscos 
12 | July 4 |_..-|_-.- 1 a etl SE Ta i aan 
Oi \awby SH sccal|- || WE |) B llesceleesslocasllecss wats 
10) |) diwliyy. @ joes |leses TON Se Ses ae Se ae ae 


1) || avy 2 ME Oy BM eocallosse 
iG diet EY essa) 1) ee eleee 
By) || diol, 9) be cai) & |) ee ese eo salboceleccs eee: 
ZA) || diolise 1) oo 5c}| AO |) AO | sse|-e- =e oce|poncl-cac|[eos- 
10 |) dwlbyy WM Wessel) BH ese-]) @ ese 
13 |) Uinihy Wa SB }ecsal UO) ees sle5- 


1G |) deeb WA ||) Ly aS Yes2ceese|-ecos|esoallecccl[ose= 
1A |) giothy 15) @esealesse|) 8 |] B |eseolbscs|losoal[oces 
3 | July 17 |..-.-].--- PF Pepe epee) encase eee 
6 | July 18 |..--|.--- EE Gh eee ees S| tool lsoos| bene 
Sl anol, MW) Wee sa)| S |oescllessolbco|scos|osas|ecoo|ess> 
Ce) dielly? GAL escall WM Ifoscellecca|[tecoleeselbooe|[osud|iesoe 
8) July 22 )-22-) 5) |--2- solleaao|eecelsacdloses 
HO) || alky, PB es.) Gy Ge secle soeleoselbosallecodlisscs 
5 || dit BB lececliecse pee lb Gs ie ace 
Only 28) sea \esee oe Cll eae Bs ccllsercy one 
297 otal siee deo ys aeae tt an eee eee 
Average length of egg stage for June........-..-------------------- +--+ 22-2222 2 220222 days.. 6.20 
Average length of egg stage for July..........----------------------- +--+ 2222222222 error do.... 5.61 


Average length of egg stage for June and July.--.....--.-.----------------+----+-+---2-----77° do.... 6.02 


ee ee So ee 
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At Barnesville, Ga., during 1910 the length of the egg stage under 
out-of-doors conditions was determined for different lots of eggs, 
during April, May, June, and July, including a total of 445 eggs, all 
as shown in Table XVII. 


TasLe XVII.—Length of egg stage of the plum curculio, Barnesville, Ga., 1910. 


Eggs Eggs hatching in specified days from deposition. 
ate Date Total 
obser- 4 aa | aes 
vation | 2¢Position. | 3 | 33] 4 | 42| 5 52] 6 |64| 7 | 73] 8 | 84| 9 | 93] 10 |103) 11/113) 12 123] 13 |133) CYS 
33 262.5 
43 381.0 
93 1,018.5 
169 1, 662.0 
10 85.0 
14 110.5 
19 140.5 
2 10.0 
3 13.5 
14 62.0 
32 134.5 
2 10.5 
13 61.0 
45 198.0 
il 49.5 
165 875.0 
1 3.5 
1 3.0 
3 1156) 
2 8.0 
1 3.5 
1 4.0 
2 6.0 
3 11.0 
6 21.5 
2 7.0 
5 22.0 
1 3.5 
28 104.5 
1 4.0 
2 9.0 
Dy 8.0 
17 54.0 
18 64.5 
9 27.0 
6 19.0 
10 40.0 
10 47.0 
8 33.9 
83 306. 0 
Aweragelenstionersistage forvApril’’.< s5oec o2<005 seh saeescedeateteweec et ceeeese see sessss- days.. 9.83 
verarelenmitoneccistage tom Mayes see one snes sot ee enue coe cece ence sec cee esee esse cee do.... 5.30 
Average length of egg stage for June..............--.---.-----eeee eee eee eee Ras iad. 2h omen te COecoe Bo Ie 
Averarellensthioteraistagetor Jullyonc o jcse ee ce soc oc. cae ce week wloeeesesociotieeodee sees s+ = do.... 3.68 
Average length of ege stage for season. 2/2... 5... 2.2 et eee eee eee nee cee cee eee dete eee do.... 6.62 


The gradual decrease in the length of the egg stage following the 
rising temperature is well shown, dropping from the average, 9.83 
days, for April to 3.68 days for July. The average for the four 
months is 6.62 days. 

Table XVIII gives a summary of the preceding data. There is 
seen to be a range of from 24 days to 134 days for the different 
localities, the averages varying from 3.77 to 9.23 days. 
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Taste XVIII.—Length of egg stage of the plum curculio, various localities. 


[From preceding tables.] 


Eggs ob- | Minimum | Maximum | Average 


Localities and years. Sawaal. period. period. period. Remarks. 
Days. Days. Days. 

Washington, D. C., 1905..... 247 2.50 5.00 3.77 | Eggs kept in insectary. 
Myrtle Gas. 900s eee anes 140 2.75 6.75 4.44 | Eges kept indoors. 
New Richmond, Ohio, 1907... 113 3.25 6. 25 4.92 Do. 
Washington, D. C., 1908..... 45 7.75 11.00 9.23 | Eggs kept out of doors. 
Siloam Springs, Ark., 1908... 18 3.50 6. 00 4.66 | Eggs kept indoors. 
Douglas, Mich., 1910......--- 944 3.00 12.00 6.02 | Eggs kept out of doors. 
Barnesville, Ga., 1910.....--- 445 3. 00 13. 50 6. 62 Do. 


THE LARVA. 


HABITS OF LARVH JUST HATCHED AND COURSE TAKEN IN FRUIT. 


After making its escape from the egg, the little curculio larva 
usually remains for a short period in the egg cavity before boring 
into the fruit. In a comparatively short time after hatching, how- 
ever, it has usually buried itself out of sight. Thus a larva hatching 
at 9.50 a.m. on wild plum remained in the egg cavity until 10.45 a. m., 
but had disappeared in the flesh by 11 a.m. A larva hatching at 
10.46 a. m. was found partly entered at 11.07 a. m. Three larvee 
found in their egg cavities at 9.40 a. m. entered the tissues at 10.20, 
10.26, and 10.40 a. m., respectively. A larva hatching on apple at 
9.30 a. m. did not succeed in getting out of sight in the flesh until 
1 p. m., though upon hatching it at once began to burrow. Frequent 
dissections from fruit. of larve of known age indicate that within 2 or - 
3 hours after hatching the fruit has been penetrated. 

The course which the larve may take in the fruit is somewhat 
variable, though in general the pit or core is soon reached. Some 
detailed observations were made on this point by Messrs. Girault and 


Rosenfeld (Table XIX). 


TABLE XIX.—Course in fruit taken by newly-hatched plum-curculio larve. 


Dates of slits Fruits 
observa- Kind of fruit. TSEC ON a scnane Course taken by larve in fruit. 
uneture 
tion. Pp ‘ ined. 
HAI 20 pees Peachsa het eoreruee Baseeaaseaeees 1 | Straight into pit. 
Iieyy ee Red June plum...---- ADOX esses 5 | In er to kernel, then around to basal 
: end of pit. 
eh COntseeesseeete o-|( basaleeee aaa 2 Tato sideenh pi then around to apical end. 
Boone do.. Bases aita hs akeeslegeeeeaus 0. d 
a dee do Be ME PAD Oe s es ence 1 | Straight into pit. 
ote GO ea ee al mB aSalth teers 2 | Straight in about 7; inch, then around to 
apical 4 of pit. 
Diels do Seer Cee ae ae : 1 Straight into pit. 
ely SCO eee ays eee asal 3 1 0. 
Elberta peach..---..-- Center side 1 pe 
PeGO sees ee Se ee to) 1 0. 
Suh aalea cas GO es eoet as a eon BE do 1 Do. 
eee GO pS se S| pases eae 1 Do. 
Deeeee \yeike jolbobam Ae as oe Apex 1 | Around under skin for a short distance, 
then in toward pit; then out toward side 
of fruit, and in an irregular manner down 


to about center of side and finally to pit, 
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TaBLE XIX.—Coursein fruit taken by newly-hatched plum-curculio larve—Contd. 


Dates of “ Fruits 
observa- Kind of fruit. Potion of exam- Course taken by larve in fruit. 
tion. Pp > | ined. 
May 16..... Red June plum....... Base: ..2-2.--- 1 | In to base of pit. 
20 ee oe Early Belle peach. -..- Center side... . 1 | In to pit. 
Oe 22 Wild plum............ Basal 4......-. 1 | Under skin about ;; inch, and around to 
Bens ‘i 18 i conch of side, then into pit. 
Dilicein CAC he meaas aaa pical 4...--.-. 1 | Into pit 
RMN es is JOO mak eS aie sia Basal 4...-..-- 1 | Straight in and into pit. 
Omer ban Onec eds Suen ce cena Apical 4...-.-- 1 | Straight into pit. 
SO Nee cee Td On LSet ccreiee selec a do..... 1 | In straight to apex of pit, and then around 
to center of other side of fruit. 
June 2.... BOM es ees ee Apical 4....... 1 Tato, apical 3 of pit, then along pit to center 
of side 
Deere OO notasnwosmesocce IBAS@ 55 52 = 5222 1 | Into pit; around tocenter side and into pit. 
(RU eal sees COs e252 bsseasee esse Center side_-.- 1 | Into about center of rie, then to basal 4, 
and down toward pit 
Ones: SOs. Shee ee snee [see ne doe se.cs= 1 | Straight into pit, then along pit to apical 4; 


then down side of pit. 


Prof. Crandall has recorded observations on the course taken by 
larve hatching in apples, as follows: 


The course taken by the larvee on emerging from the egg has been traced in a number 
of apples, and is found to be variable. In one apple examined the bore proceeded 
straight from an egg cavity near the basin to a point just beneath the skin on the 
border of the cavity. Another bore was traced in a spiral 24 times around the fruit. 
Other bores were found to be tortuous, but in no apple examined did the early bore 
extend to the core. 


LARVAL INSTARS. 


The number of molts made by the curculio larva in the course of 
its growth has not heretofore been determined, probably on account 
of the difficulty of following the growth of the insect in the fruit. 
Mr. Hammar, during 1910, in Michigan, determined the number of 
molts and length of the respective instars for 10 individuals, as 
shown in the following table: 


Taste XX.—Larval instars of the plum curculio. 


Dates of molting. 


Individual No. a a a z. 
irst Secon hird eft 

Hatched: molt. molt. molt. fruit. Adult. 
158 pee E A I eee TEE as ere See a June 28/ June 30} July 2/|July 5] July 9] Aug. 4 
PD peers narra wanes eee A cel lg Ua June 30| July 2]| July 4] July 6 do..... Aug. 10 
Bh gs 2s le SR Se es een nee Re) Kt GO wsaes | MecdO cence ne Ozeen. July 7|..-do..... Aug. 14 
ZL NSE ta pales et ira telnet veges ee he July 1 July 3} July 7{| July 10| July 15/].......-. 
EEE Pray ea ine Soe Cee aera etays ai aeee, ees do..... EEO wan Se July 6] July 9} July 14] Aug. 16 
Gecdod oo dé Rub poe SANE paren Me creda iet a 5 July 2 July 4uln5- GO. acco July 8] July 11} Aug. 12 
U3 o 3 ao BSUS ert BER SEE eee ei Seceaeseepey ot (Sa 0 do..... edoeeee- 7) July 91) July 12) Aug. 15 
Soc celts Geach reaps em ee ae eget July 4] July 6) July 8] July 11] July 16] Aug. 29 
Gh no cles See ae or ey July 5} July 7] July 91} July 12] July 18] Aug. 15 
NO) i= 3 SSG oe aaa ee ete eee on Br Coes | Rea doeeces |e 4ed0uses. (55 do... =. July 17] Aug. 16 
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Taste XX.—Larval instars of the plum curculio—Continued. 


Duration of larva Jinstars. 


Individual No. 
First Second Third | Fourth Total days 


‘ S r instar in 
instar. instar. instar. fruit! to adult. 


Days. Days. Days. Days. 
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Measurements were made of the width of head-casts of the respective larval molts in the case of one 
larva, as follows: 0.306 mm., 0.425 mm., 0.595 mm., 1.02 mm. 

Head measurements of 19 larve at time of leaving the fruit showed a range in width of from 0.935 to . 
1.071 mm., the average of all being 0.998 mm. 


DEATH OF LARV® IN FRUIT. 


There is much evidence to show that many larve die within the 
fruit, though the cause, or causes, of this mortality is not easy of 
positive determination. In general, if the fruit falls at the time or 
shortly after the egg is deposited, this insures favorable conditions 
for growth of the larve. If, however, the fruit remains on the tree, 
the chances are much more against their successful development, 
and in the case of some fruits, as the apple and pear, almost entirely 
so. Prof. Crandall has made interesting observations on the mortal- 
ity among larve in apples. In a lot of 716 fallen apples, 169 curculio 
larvee were found, 103 of which, or about 61 per cent, were dead, from 
causes not established. Most of the larvee found dead were less than 
half grown, and many were not more than 2 or 3 days from the egg. 
Although it is not so stated, it is probably true that these larve were 
killed while the. fruit was yet on the trees. 

The mortality of larve in fruit for the most part results appa- 
rently from the crushing effect due to the rapid growth of surround- 
ing tissues; and in the case of stone fruits, as peach and plum, the 
abundant secretion of gum is perhaps an additional factor. The 
extent of mortality also varies with the different kinds of fruit. 

Thus in the case of apple many observations show that larve are 
almost never able to survive if the fruit remains hanging on the trees 
for some time after the hatching of the eggs. The eggs for the most 
part hatch, and the young larve begin to feed inward, but before 
they penetrate far they succumb. Such larve show evidence of 
having been crushed, and often the burrow behind them is well grown 
over. Apples punctured while still small are most likely to fall; and 


LIFE HISTORY AND HABITS: THE LARVA. 57 


after the apple has grown to three-fourths inch or 1 inch in diam- 
eter the punctures have much less effect, though the fruit may fall 
during the thinning process of the tree itself. The egg and feeding 
punctures, however, usually result in disfigurement of the fruit, often 
very extensive, as will be discussed under another heading. 

During the 4 or 5 years that the curculio has been under investi- 
gation no observations have been made wherein the larve have sur- 
vived to maturity in healthy apples on the trees, with the one excep- 
tion, as observed by Mr. Johnson at North East, Pa., on July 16, 
1906, of the occurrence, in a ripening apple on the tree of the Yellow 
_ Transparent variety, of three nearly full-grown larve. (See Pl. IX, 
fig. 10.) As in this instance, it is possible that when eggs are depos- 
ited in summer varieties as they are beginning to ripen, the resulting 
larvee would mostly be able to survive, since the stage of rapid growth 
of the fruit has passed. On another occasion in this locality Mr. 
Johnson observed, August 1, 1906, in an orchard of the Baldwin 
variety, numerous small and highly colored apples on the trees about 
the size of walnuts, some of which contained full-grown curculio 
larvee, and other fruits showed their exit holes. Unquestionably in 
this instance the normal development of the fruit had been checked 
from other causes, though it had failed to fall. The condition is not 
essentially different from that when the fruit drops to the ground. 

In interesting contrast to the practically complete death of all 
larve hatching in apples which remain on the trees, and to a large 
extent of those which do not drop until some days after hatching, is 
the condition found to obtain when eggs are deposited in confine- 
ment in apples removed from the trees. In such cases, as has been 
observed frequently, a large percentage of the deposited eggs pro- 
duces mature vigorous larve. Figures obtained by Crandall, involv- 
ing 1,474 eggs deposited in fallen fruit, show that 1,238, or 83.92 per 
cent, of these resulted in mature larve. 

In the case of pears, although these are oviposited in freely by the 
beetles, larvee appear never able to survive in fruit on the trees, and 
but rarely on fruit on the ground. Unlike the apple, the young pear, 
when it falls, tends to dry up, and on account of the stony tissue 
- present becomes very hard. In 50 young fruits of the LeConte and 
Kieffer pear taken from trees at Myrtle, Ga., May 2, and bearing 
numerous egg-punctures, no live larve were found, none of the punc- 
tures was fresh, and all were more or less outgrown. An examina- 
tion of the egg cavity showed in most cases, however, borings of the 
young larve, and their dead bodies. 

In lots of Kieffer pears containing eggs, collected at Myrtle, Ga., | 
April 9 and 20, the eggs were observed to hatch, but larve failed to 
develop. Pears of this same variety collected from the ground April 
13 and 20 and May 9 gave no results except from one lot, 4 adults 
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being reared. Further attempts at rearing from pears in this locality 
gave no results. 

May 21 and 23, 1905, at WV scHine an, D. C., and again May 30, 
1905, young ace pears from trees were Peed with beetles, and 
eggs were deposited freely. No larve, however, succeeded in devel- 
oping. 

During the course of the season of 1905 many fallen pears were 
examined by Mr. Johnson at North East, Pa., and he found only a 
single curculio larva, about one-third grown, feeding im the core of a 
pear on the ground. No larve were found in fruit on the trees. 

Observations on plums, wild and cultivated, in many localities 
show that there is also a high mortality among larve where the fruit 
remains on the tree or if its dropping be materially retarded. Plums 
punctured while small are more apt to drop than if the fruit is one- 
third grown or over. This dropping of the smaller fruit and the 
shedding of the fruit by the tree itself enables the species to more 
than maintain itself. Larve hatching in fruit which does not fall are 
ordinarily able to penetrate the flesh but a short distance before 
succumbing, perhaps due to the combined effect of the copious gum 
exuded and the pressure of the growing tissues. The evidence also 
is that the egg may be destroyed by the gum exuding at the punc- 
tured point, and our notes show the examination of many punctures 
in which the egg could not be found, or was crushed, the cavity being 
completely filled with gum. The number of eggs or larve missing 
has been quite too large to be accounted for otherwise. Many plums 
of the Japanese and Domestica types and of wild native sorts have 
been examined when taken from the trees and bearing egg punc- 
tures, and the conclusion is evident that larve are not able to survive 
during the rapid growing period, and, as in the case of the apple, 
their oreescitl development eae on the falling of the fruit. 
After the fruit has become grown, and the ripening process begins, 
larve are more likely to survive, and ripe wormy plums, especially 
of the cultivated Japanese sorts, are not infrequently to be met with. 

The development of the peach, with reference to its availability 
as a host for the curculio, may be divided into three stages. The 
first stage includes the time from the beginning of oviposition to 
near the time when the pits begin to harden, a period of 3 or 4 weeks, 
during which approximately 75 per cent of the total infestation of 
the season occurs. The fruit in this stage, though growing rapidly, 
does not exude gum upon being: Pneeaed and readily drops from 
the tree when infested by curculio larve. (See Pl. V, fig. 1.) Prob- 
ably no fruit infested at this time remains long on the tree. The 
second stage in the growth of the peach begins when the pits show 
the first signs of hardening and extends up to the ripening period. 


Se a 
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At the beginning of this second stage there is a sudden cessation of 
both egg laying and feeding, and during the whole time the beetles 
refrain from puncturing the fruit except in occasional instances. 
The fruit in this stage exudes gum very copiously when punctured. 
(See Pl. VI, fig. 2.) Relatively little growth is made while the pit is 
hardening, but in the few cases in which eggs are laid and hatched 
at this time the larve are killed at an early stage by the flooding of 
their burrows with gum, the fruit failing to fall from the tree. The 
third stage includes the ripening period, when the beetles resume 
oviposition and the larve are able to mature normally. It is at this 
time that all the infestation of ripe fruit occurs, though the number 
of individuals developing is small in comparison with those in the 
young fruit which falls off. 

Another factor in the mortality of larve in drop fruit, as noted by 
Crandall in apples, is the effect of sunshine. According to this 
gentleman, no living larve could be found in fruit exposed to the 
sun for a few hours, whereas fruit taken from under the shade of the 
trees contained a fair proportion of living larve. An interesting 
experiment is quoted, bearing on the matter: 

In one box were placed 200 apples and in another 250, the latter being placed in 
full exposure to the sun. Later examination of soil in the respective boxes gave for 
the former 42 pupz and for the latter 3 only. 

As suggested by Prof. Crandall, this points to the advisability of 
following a method of orchard management which will insure as free 
access of the sun as possible. 


DESERTION OF FRUIT BY UNDERSIZED LARVE. 


On many occasions it has been noted that larve may leave the 
fruit before reaching maturity and burrow below the soil as for 
pupation. This premature abandonment of fruit is perhaps often 
forced by reason of the unfavorable condition of the latter, but in 
many cases this explanation will not suffice. Fruit in an excellent 
condition for feeding purposes has been often thus deserted. An 
unhealthy condition of the larva itself, as from parasitism, might be 
suspected, but rearings of such individuals indicate that this is not 
the case. Larve have at times been observed to leave fruit, as in a 
glass jar without soil, and, in the absence of suitable surroundings for 
pupation, reenter the fruit and there finally pupate. It is doubtful, 
however, if there is any tendency of larve to leave one fruit in search 
of another, and a faulty instinct seems most likely to account for 
this behavior. Larve emerging from peaches and plums collected 
throughout the season (p. 62) at Washington, D. C., in 1908, varied 
in about the following proportion: Large, 45.25 per cent; medium, 
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39.04 per cent; and small, 15.69 per cent. Adults were never reared 
from the small larve, though the attempt was repeatedly made. 

At Barnesville, Ga., during 1910, observations were also made on 
this point. Among the first larve of the season to leave drop fruit 
was a large number of undersized individuals. Many were not more 
than one-half normal length, and from this they varied to full size. 
The proportion of small larve was greatest during the first week or 
ten days after larve began leaving the fruit, the proportion becoming 
less and less until by two weeks after the first larvee began emerging 
practically all individuals were of normal size. In Table XXI is 
shown the proportion of undersized larve during the period from 
May 2 to 21, when they were in evidence. 


TaBLE XXI.—Record of undersized and normal larvxe of the plum curculio from drop 
fruit from 31 peach trees, Barnesville, Ga., 1910. 


Larvee Distinctly Larvee Distinctly 
Dates. leaving undersized Dates. leaving undersized 
fruit. larvee. fruit. larvee. 
Number. | Per cent. Number. | Per cent. 

Malye 2 YG Sane aaje 38 7S |e ay elt eee eres 272 22 8 
Saat Goer ooeS 68 33 48 FEO RES oas 159 6 4 
Ai ps Sen reece 119 48 40 [ae SSeS oases 86 5 6 
eee eer eae 164 66 40 1S eres eee 58 2 3 
Geis ieee 175 26 15 Gee a eee ees 48 1 2 
esmaee seta eee 99 26 26 Wie ae actos 38 1 3 
Beg SeE sees 110 12 11 TS orton ae 33 OF ee 
OW Sees Deans 357 80 22 LO eek Soe Ses 71 One Se Sete 
GE aut eee 240 29 12 QE see eee 102 1 1 
dN Laker tes eae 209 28 23 Di Soaks cepts 54 2 


NORMAL EMERGENCE OF LARVH FROM FRUIT DURING THE SEASON. 


In order to determine over what period and in what abundance 
larvee left the fruit and entered the soil for pupation, as bearing on 
the period for cultivation for the destruction of the pupe, it was 
planned in 1908 regularly to collect, at frequent intervals through- 
out the season, all of that fruit which fell to the ground and to rear 
and record the larve as they emerged from the respective lots of © 
fruit. This work was done during 1908 at Siloam Springs, Ark., 
using all drop fruit for the season from 120 peach trees; and during 
the same year at Washington, D. C., by Mr. P. R. Jones, with both 
peaches and Japan plums, using all of the drop fruit on 10 peach 
trees, and in addition to the drop fruit from 8 Japan plum trees 
that from the trees at ripening time was also used. 

During 1910 similar data were obtained at Barnesville, Ga., and 
by Mr. Hammar at Douglas, Mich. In Georgia all of the drop fruit 
throughout the season from 31 peach trees was regularly collected 
and larve recorded as they came from the respective lots. At 
picking time the fruit from 12 of the 31 trees was gathered and 
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larve recorded, but for uniformity the estimated number of larve 
from the fruit from the 31 trees is used in the table. 
In Michigan the drop and picked fruit from 15 peach trees was 
used, collections beginning June 30 and continuing to August 27. 
These records, it is believed, should show the normal seasonal 
history of the insects in this stage under orchard conditions. Such 
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Fie. 20.—Diagram showing normal emergence from fruit of larvee of plum curculio during season 
at Siloam Springs, Ark., Barnesville, Ga., Washington, D. C.,and Douglas, Mich. (Original.) 


records are evidently much more reliable than those which do not 
take account of all of the fruit for the season. 

In Table XXII are shown the totals emerging for each of the 
- four localities by days, as also the number and percentages of larvee 
emerging by months. 

These same data, summarized by weeks, are shown graphically in 
figure 20. 
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TaBLE XXII.—Emergence of plum curculio larve throughout the season, from total 


Dates. 
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fruit, in various localities, 1908-1910. 


Barnesville, Ga., 


Total larvee emerging 
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1910. 


| Total for each month. 
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Siloam Springs, 
Ark., 1908. 


Washington, D.C.,| Douglas, Mich., 
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Taste XXII.—Emergence of plum curculio larve throughout the season, from total 
fruit, in various localities, 1908-1910—Continued. 


Barnesville, Ga., Siloam Springs, |Washington, D.C.,| Douglas, Mich., 
1910. Ark., 1908. 1908. : 1910. 

&0 4 Eo o) j a on a ow | ‘ q 
z= mies ee Siu Pee millers ES gle Seem (eeu ics one 
ee Bape 2 ae po alee Sarat Waeasee INS 

Dates. Ba | HH Sls S| pe = q ih ea q aa 

of] Sq /o8] a aq ]/on] a Om] @ | aa 

8 (S) +> - 8 (S) +=) 3 (S) 3 (Ss) = 

Bs 8 od | 8a 3 ow BS 3 os | &a 3 of 

> ® a0 > o Es) > o op > ©) Sane) 

Sree ee ase Se ee |S Ween ae 
ey Jee NE Meee ele Re Wee Peale vl one ca lve 
SP ose se as|eSnnn pes eee alle lbs lamer lpn Stee 
lo) lo) ® lo) fo} o i) [o} {ob} io) fo) ® 
A is Ay = i=) i) is a Ay = | SI A 

July 6 Se ee ale 1G) ees ea Oh |e sled ieee 

ay savers 8 reteset Boe eee aes sos AS Slyke ase 

Y ieraerel leesoiael|loe ee se A) aBeiaea sean ne BI Noemie ees 

Sir Peer teervecaier= PAN aeteieal le SOO aeRS Nn eee eal leas se 

see alae ees |eeecimee ICO | See | Ieee pe Si). [Seccuclsscoss 

Bil eat alee TP Ae all eae cee a AIE Beet ral|Becose 

i Se (eee SSeS nes xe eens |e rere TE Ree ele ce cam 

Dy | eee etter GIR ey teers yes OI OR are eee ee 

(AlReEeealoone nes SGenee ese es Eve nti seal era 2 

fo | Sree eee fo ht| araneieese (2 as oa a eres ne |e ieee 

Oe acon eestas cIETIGS | Seeger ING )| a2) eee theres 

CEN Fes ea Vo Se ee WO Sesesoleeauss 

byl Sete eeeet eee ee SICA ee ee aoe “OSulee eects sree 

adh RBs Stee alte elt oe le bia |e ere 

hile ase teeta S55 ei eet al een a SL al ere eg Bese 

AONE sore (pe verat exit AIRE ore IESE Raye to el eased Hats 

G3}s | See | Pa oe IGA Pe el Nae eens 1G} j| eee al eee 

SO Re eet eee ae HIPs ale eal gee ns (en eee eee 

Sonne See ee crete OF es ome ae eh = ay | Sree | eee 

AGS [ee eee lime seed oso eer pene ee Das DA ee ceta Nas eee 

SS leeeeet (eeece alle ceil aero Mee Aas. By See aa Stee 

PON ee el efor ae US aileener ees |e Siar Ay eyes Peale cuasreys 

20) | Se apes eal AR Eee leer [sist ote Sine |e a ee 

Salas we A aa oe As Rae | FTA atc apeeel| Pete = 

sTiMtea ies saci AE trae Sy Ou eal ee ar Giigeeeses ee eee 

DAP eee eis oer crate AE Ss epee ae ee ee DARREN oll Secrets 

467 | 7.89 |———| 469| 7.12 889 | 99.33 

Aug. UG? eee etre LW De tae ad ge eS gs eae Ve Pa Lae ye = 

—= ——| 2| .03|——| 6] .67 

5, 920 5,920 100. 00 |6,588 |6,588 |100.00 | 895 895 |100. 00 


In the above table, the Georgia records show a total of 3,264 larve 
leaving the fruit between May 2 and August 9. A large majority of 
these, 2,665, or 81.64 per cent, issued during May; during June only 
42, or 1.28 per cent, issued, while during July, 458, or 14.02 per cent, 
was secured. August shows a total of 99 larve, or 3.06 per cent. 
At Siloam Springs, Ark., in 1908 a total of 5,920 larve issued, the 
interval covering the period from May 12 to August 13. Larve to 
the number of 3,664, or 61.89, left the fruit during the period from 
May 12 to 31; while for June, 1,715, or 28.97 per cent, left the fruit, a 
total for the approximately 7 weeks of 5,379, or 90.86 per cent. 
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July shows an emergence of 467 larve (7.89 per cent) and August 1 
to 4, after which no more emerged, 74, or 1.25 per cent. 

At Washington, D. C., during 1908, a total of 6,588 larve was 
reared, 1,115 emerging during the last 7 days of May. During June 
5,002 larvee left the fruit, a total for May and June of 6,117, or 92.85 
per cent. Only 7.12 per cent of the totallarve emerged during July, 
emergence practically ceasing with that month. The Michigan rec- 
ords include only 895 larve, of which 889, or 99.33 per cent, left the 
fruit during July. 

The foregoing data, with the additional records by Crandall from 
Illinois, are shown in Table XXIII with the dates of blooming of 
peach trees for that year. 

The relation of these data to the time of making cultjwaneee is 
shown on page 176. 


TaBLE X XIII.—EKmergence by months of plum-curculio larve in different localities. 


: May. June. July. August. | September. 
Approx- ; ; ; ; : 
imate | @ a a a a 
date of | ‘% Sp bb a9 tb 
Localities. full bigs: 2 i 3 e 3 2 3 s a 
som 0 g &. 
pech [| @ ) |? 98 | 2 3 22) 3 ieee 
trees. | g FI R a | g 5 | 8 a 8 ae 
ee ee el ele eels |S |) 
a a) S 5 3 & a o a ® iS) 
4 Ay 4 Ay | Ay A Ay 4 Ay a 
Barnesville, Ga...-..-- Mar. 15 | 2,665] 81.64 42) 1.28) 458] 14.02 99] 3.06)...-.-|------ 3, 264 
Siloam Springs, Ark....| Mar. 18 | 3,664] 61.89] 1,715) 28.97} 467) 7.89 74) W025 ee eer See see 5, 920 
Washington, D. C.....-. Apr. 6] 1,115] 16.92) 5,002) 75.93} 469) 7.12 2) vO3|E 2 oes (eee oa 
Douglas, Mich.........- pre 20) beaks ea ces| as aa|eeee ee 889] 99. 33 PN Bees ecllosonec 
Griggsville, Ill..........] May 101|.....:]...... 254| 20.52] 662] 53.47] 2721 21.97| 50] 4.04! 1, 538 
1 Apple. 


MANNER OF LEAVING THE FRUIT AND ENTERING THE SOIL. 


Upon completing its growth, the larva leaves the fruit in which it 
has been feeding, and soon makes its way beneath the soil. Fruit _ 
lying upon the ground will usually show, when examined, the small 
exit hole of the grub, mostly along the lower side where the fruit was 
in contact with the earth. An examination of 200 infested drop 
peaches showed these exit holes to be located as follows: Apex, 8; 
apical third, 64; center of side, 66; basal third, 46; base, 16. This 
shows that 88 per cent of the exit holes are along sides as against the © 
ends, which is perhaps proportionate to the respective areas. In 
deserting the fruit on the trees, as peaches and cherries, the larva 
must fall, and this is probably not injurious to it. Once upon the 
ground, the instinct is immediately to get below the soil. The time 
occupied in accomplishing this will vary according to character of 
soil, whether cultivated or not, and the presence of crevices, etc. At 
this time especially the larve are exposed to predaceous insects, par- 
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ticularly ants, and numerous larve perish from their attack. Many 
larve have been timed by the watch, and the interval occupied until 
out of sight below the soil hasvaried from about one-half to 50 minutes. 

Table XXIV includes observations made inGeorgia and in Washing- 
ton, D.C., both in the orchard and in small jars in the laboratory. It 
will be noted that more time is usually spent in searching for a suitable 
place to enter than in actually working below the surface. The 
average time on the ground and until beneath the soil, in the data 
given, is about 12 minutes. A larger series of observations would 
probably change these figures somewhat. 


TaBLe XXIV.—Time occupied by larve of the plum curculio in entering soil. 


2 : Began | Be- Time 
Localities. ary Re ae to en- | neath | occu- Kind of soil. 
2 “| ter: soil. pied. 
Myrtle, Ga.: Minutes. 
WWaboratonyss- + e-- = 1} 10.00 | 10.06 | 16.114 113 | Fresh sandy loam soil in glass jar, 
gently packed. 
Dl ROM 2.15 Derails 14 Do. 
3 | 10.21 10: 215 | 10.22 1 Do. 
4] 9.13 9.14 9.15 2 Do. 
5} 4.08 4.10% | 4.12 4 Do. 
6 | 9.59 10.00 | 10.03 4 Do. 
7 | 9.43 9. 44 9. 49 6 Do. 
8 | 10.22 | 10. 28 10. 24 2 Do. 
9 | 10.22 | 10.25 10. 30 8 Do. 
10 | 4.16 4.18 4. 26 10 Do. 
ntorchardasse se. 45 aE || GP hc beaoee 5, 2} 1 | Dry sandy soil under peach tree. 
WO APS" Ne eeseose 5. 26 4 Do. 
Ue} ihr). Meee aes 5. 27 5 Do. 
HAG ee RO Dele eye crs 5.31 9 Do. 
GIy 27S See 5.34 12 Do 
GY mow 2a ener 5. 39 17 Do 
(pale aia ene 6. 49 27 Do 
Washington, D.C.: 
Insectaryy...<-=------ 18) 1.26% | 1.29 1.41 145 | Sandy garden soil in box, moder- 
ately compacted. 
19 1.30 1.59 2.19 49 Do. 
20 1.48 2. 40 3.23 35 Do 
21 2), 3) 2. 36 2. 40 17 Do 
22)| 2.10 230 2. 42 32 Do 
23 2.44 2. 46 2. 47 3 Do 
24 | 2.23 2. 41 2.44 21 Do. 
inatorehard seco. ee - 25) || Pa Be Ge 3.11 16 | Clay loam, well cultivated. Larvee 
placed under plum tree. 
26) | 22.05 2. 56 3.00 5 Do. 
27 | 3.33 3.34 3. 36 3 Do. 
28 | 3.03 3.15 3.18 15 Do 
29 | 3.20 3.22 3.25 5 Do 
30] 3.145] 3.15% | 3.164 2 Do 


TIME SPENT IN THE FRUIT (BGG AND LARVAL STAGES COMBINED). 


In 1904 Prof. Crandall determined, for Illinois, the time spent in 
apples (combined egg and larval stages) for 1,238 individuals. A few 
_ Jarvee left the fruit within 12 and 13 days from deposition of egg, and 
some spent an unusually long time in the fruit. The great majority, 
however, developed and left the fruit in about the average time. 
Table XXV gives his emergence records by months, and also the | 
average period per individual within fruit for that month, 
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TABLE XXV.—Length of time spent in fruit by plum curculio, Illinois, 1904. 


Total num- 
Average 
ber of Percentage Aube 
Months. larve of whole. a 
emerging. ats 
Days. 
DUNG soared ao cicie Saigens cscisie ss te An Ee ea eee rave oe = Cer ae eaeie 254 20. 52 18. 07 
Abi heer ees Recta ik ORE ene Rie ery S54. ee Qe aA ASS 662 53. 47 19.15 
INGER he 54 oe see oko Sob sus sodeero tosses sonsscooce esos pcotcoreaas somes 272 21.97 21.55 
ple) OMEN CLehe, 5 OA Aa Ree oa asus ous an sso sHodecHoetsdadasncHossosses- 50 4.04 26.00 
Towtallsiss) jee See ais 2 Be oe a ge AER es are 1, 238 100300) iSese2eceeeee 


The average time for egg and larva in the fruit for the whole season _ 


was about 20 days. 
In Table XXVI are given records of a few observations from 
Youngstown, N. Y. (1905), and North East, Pa. (1906). 


TaBLE XXVI.—Length of time spent in fruit by the plum curculio (egg and larval stages 
combined), Youngstown, N. Y., 1905, and North East, Pa., 1906. 


Larve e ged. - 
Sue ona Ap- [Total] Total |42ve" 
Hees proxi-|num-| num- | 77. 
Localities. depos- | Date of depo- ae pened seen ber of 
ited. sition. a Date. in |devel-| larval | C2YS 
ic fruit. | oped.| days. cuit 
Days. 
8 | July 10,1905 | 16.00 
Youngstown, N. Y....-- oe 43 | June 24,1905 |} 3 qa Te ioe | deco. It Ae | s0aseea ems 
5 | July 14,1905 | 20.00 
ec 5 
Tune 12,1906 {3/54 3'igng | an op (7 | 169.50 | 24. 21 
North East, Pa..............- (2) |)Tune 14, 1906 6 | July 5, 1906 | 20.75 6 | 124.50 | 20.75 
June 15, 1906 4) July 3.1996 | 18.00 4| 72.00 | 18.00 
Motalemeee oo ence ADA oe SoU oe 5 OR RS I a 34 | 669.25 |...... 
Average time spent in fruit during June for both localities. .........-.--.-..--------------- days... 19.68 


During 1905, at the insectary in Washington, data were obtained 
on the length of time spent in the ege and larval stages in the fruit 


for miscellaneous lots during May and June. As in the case of ege- f 


hatching records, these were obtained under the same conditions in 
the insectary, where the temperature was higher than normal. These 


records are given in Table XXVII. 


{ 
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TasLe XXVII.—Length of time spent by the plum curculio in fruit (egg and larval stages 
combined), Washington, D. C., 1905. 


Larvee emerged. 
Eggs | = Approx- eee roa Average 
de- Date of imate ot tai £ aes 3 number 
pos- | deposition. time in aeee and fer. | of days 
ited. Number.| Date. fruit. oped. | val days. in fruit. 
Days 
2| May 23 11.50 
2| May 24 12. 50 
(2) | May 12 2) May 25 13.50 15 211.50 14.10 
3| May 26 14.50 
6 | May 27 15.50 
2| May 30 15.00 
7 | May 15 3 | May 31 16. 00 i 112.00 16.00 
7a ee bu a(n | 17.00 
1 | May 16 | 1} June 2 16.75 1 16.75 16.75 
May 16-17 3|Jume 3 17.50 3 52.50 17.50 
1| June 1 14.75 
May 16-18 14} June 2 16. 00 | 30 523.75 17. 46 
15 i une 3-6 ie 00 
3 une 3 5. 50 
9| May 18-19 { Bilbeee geerlive aaieg i Syn 5:50) (ene eto 
5 | May 19 255s une 6 We 7S 5 88. 75 17.75 
16 | June 5-6 15. 00 
(?) | May 20-23 7| June 7 16. 25 | 25 388. 25 15.53 
2! June 8 17. 25 
6 | June 6 12.75 
(?) | May 23-25 21| June 7 14.00 | 38 | 554.75 14. 60 
11 | June 10 16.75 
J 2| June 6 13.50 
16 | May 23-24 2) June 7 14.75 10 157.00 15.70 
| 6| June 9 16.75 
1 | June-_7 13.50 
14 | May 24-25 7\ June 9 15.50 12 188. 00 15. 67 
4) June 10 16.50 
9 | May 25-26 5 ce Bouse 15.50 5 77.50 15.50 
2 5 une 7 13.00 
9 | May 25-27 { Pyle ge come aires \ 71) 93.00] 13.29 
HofalvanGdeaverdges sree mssoe see enae 163 | 2,549.25 15. 64 
{ 4| June 26 19. 25 2 
15} June 6-7 8| June 27 20.25 15 308. 75 20. 58 
| 31 June 30| 23.95 
June 9-10 4| June 24 14. 25 4 57.00 14. 25 
7 | June 10 2/ June 21 10.50 2 21.00 10.50 
1 | June 25 12. 25 
1 | June. 26 3. 0 
24 | June 11-13 “| inne SD 16.75 | 21 374. 25 17.82 
15 duly 1 He ie 
9 | June 27 5.00 
13 | June 10-13 { 2 | Tune 28| 15.50 \ 11| 166.00] 15.09 
10 | June 29 14.75 
20|June 14 { | June 3 15-7 \ 18| 273.50] 15.19 
6 une 28 13.25 
10 | June 14-15 { Slee cul coisa \ 9] 129.00] 14.33 
= 2| June 17 2! July 4 17.00 2 34. 00 17.00 
Motalandlaverdgesss-cesemee nee sso. - 82 | 1,363.50 16. 62 
Motalsformseasonl sss -- eee he a ee PIS ||) CBE By Noe ooocses 


Average time spent in fruit for season, days 


Host 
fruit. 


Plum. 


The records show a range for combined egg and larval stages of 
from 104 to 234 days, with the average for the season of 15.99 days. 
The total number of larve under observation was 245 and the sum 
of egg and larval days was.3,912.75. 

Observations made at Myrtle, Ga., during 1906, on miscellaneous 
lots of eggs and larvee in peaches, during April, May, and June, are 
detailed in Table XXVITT. 
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Taste XXVIII.—Length of time spent in fruit by the plum curculio (egg and larval stages 
combined), Myrtle, Ga., 1906. 


Larvee leaving fruit in specified days from deposition of eggs. Total 
Eggs i Mature : egg 
a Date of larve and 
pos- PBe AERO devel- | larval 
ited. | SP | oped. |11]12]13| 14) 15] 16]17]18  19| 20| 21 | 22) 23 | 24 | 25 | 26 | 27| 28) 29 | 30 days in 
ruit 
9] Apr. 19 4 sisce @ ese! lle el: 
21 | Apr. 21 4 lcdlasclocel 2 2 
(2) | Apr. 23 3 1 wna et) 
(2) | Apr. 26 7 Ps | 2 
(2) | Apr. 27 oleae y ee 
Total. 23 2-5)|--= 3/4 -| 2) 4) 4 | 
15 | May 1 10 ||... Pes Ay ees! 
14| May 7 1S fee 1/41] 3 
7| May 8 Tee Beeld ZEN OW aces 
12| May 9 7 ee ee FS Lael ORT 
13 | May 10 eos el Peso ail cal 
6 | May 11 As |G ye 2) ee 
7 | May 13 Silos i LS setae 
14 | May 14 lel Sees =| i Py |) 24 || at 
16 | May 15 @lbe iol heya eal es 
16 | May 16 Ot ae Eis Ie ate aI PA Ne 
14 | May 17 9\1 2 IV eres hfe 
12 | May 18 Galea el feaeeeal a Welt exes 
11 | May 19 6 |. tee DDI. 
20 | May 20 6 |. || Biles 
11 | May 21 6 i ae 
8 | May 22 Bale sea a 
5 | May 23 27 los Babee eal 
4| May 24 2 |. ela heals 
7| May 25 ese le lees Red ca ese fl rer 
5 | May 26 Qa E Se 
Total. 116 | 1 5 | 8 | 9 29 |16 
10| June 2 PEE eee el Vee ee LTE | lah : 3 
6| June 8 Cade Fe lips ex ed ete (Nees eal Peay el ie Oe Ree eeleealoclaec|loascees 
13 | June 17 COV Nee (sel Wecese ean | 228 9 We Pee ees esas Bee ee ee cell ae Ste oc 
Total.) ~ WG ecclleael| 2 |} 451) ils 4 Bel eae 1 3|S2aSeetees 248 
Total for | 
April, May, | 
and June.. NSH | TL Se aleby les les nih Bye AO OE SNE GS Bs ee IL |) 2) ilesciico- 2) 2 | 25755 
Average:time.iniruit tor Aprilesn2 sece ce ae cece eee eer ene nn ae eee eeeeceee eee eee eee eee days.. 17.17 
Average: timein fruit tor May = .cs.66 je Se So es es Sad re eye Anne eee eee eee donee te 20 
Average time inaruit fordume: 2 /ol.s2 so ekes nae Soe ee ees See ieee Se eee ee eee do.... 16.13 
Average timeim irnitwon April, May, amdNimmee. sere esac eee eee eee eee eee do.... 17.81 


A total of 155 larve emerged, the time spent in the fruit varying ~ 
from 11 to 30 days, with an average for the period of 17.81 days. _ 
Table X XIX gives observations on 411 larve reaching maturity 
during May, June, and July, at Siloam Springs, Ark., in 1908. The 

fruit used was peach. 
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Taste XXIX.—Length of time spent in fruit by the plum curculio ( egg and larval stages 
combined), Siloam Springs, Ark., 1908. 
Larvee leaving fruit in Specited days from deposition | Tota] 
Eggs Mature ol eggs. egg 
de- aoe oF larvee and 
pos- oe devel- larval | 
ited. oped. | 15/16] 17/18] 19| 20/ 21| 22! 23 | 24/95] 26| 27! 28] 29 | 30 Saye 
8 | May 12 6 Sal 5 Ase esl er ese (etal Hea Looe ee Bod eeelses| So eee 
6| May 13 6 |. | a Ap | (ST ees Acta ease | ene | reece ime eee TD 
10 | May 14 Ce Se cl es Rec ese ec Last el afc) [eae ela | aed eae to ay 
38 | May 15 Sih {fe Salealere AO Le Qe ie Sica sees polal|eeeva| = Meal incre] Ree tee feces Sk 
56 | May 16 DAM eral eel rere call As feileat (ee || MR SPA eee cio Hk a Oe ees RES eee ee 
39 | May 17 YA Neel ett celled eee HMO} I AO) M7: Ro TET C2 Sia CVn |e |e |e 
30 | May 18 233))| [aaa Beis aoe eset sexs lated exer | ode | ees el feel lob ett fil) F333) a [lV eae 
10| May 19 Gil aes Si epee ae eae toe alleles Meal ool SIE e ithe a  « 
8 | May 20 UY] Es PAR Lyi eal ena aE fee [et bf 20 fa | Vel (ehh (cal ae eo 
16 | May 21 STG Brea a oe | ese ee | lio Ayo es Pee pel eens cst a La I | 
10 | May 22 Ca La sere fs ec ges | cee fae fC ere fe (le Lhe Ven a 
16| May 23 Sie Bs) Fp te Ve aT) ee tT al LL a Ka je 
16 | May 24 Grinse Batol ite|l tees fscie| |) 20 acai hal be | aes pee en Sls a FR eee 
7 | May 25 6 |. | 2% SN epee |e Mawel erallieecat dio termi tie [Saba 
9| May — 28 S35 Mhsescl ciel #S3 ere eel se fl Ae ete (ea ri lhe Lape ae 1 en 
9} May 29 8 |- alse 5 |) 4 tL peter eee sree eel Spell ceeaa [stn clipes oe e 
7| May © 30 Wales Bye aera ee A |e eet See eo all) alg crip eee SES 
8| May 31 fal alec ee ee eee 
| ————— — 
Total 260 | 1 | 7 |13 | 3 [24 [81 152 |97 [ol jd 12} 4/3/14 5, 424 
10 | June 2 8 |- 3 Sllsaallaou)| 25) 2. I Cy ese ge sete te | Pee 
11 | June 3 10 |}. a eyes cael TR eBay fa 
16 | June 4 14 |. lh Tied lies | alee (CL Nepal Aloe I Ll a ap me, eh 
17 | June 5 Werle AON eee Ay ee Bell eroeal ieee Ii lee Ite ge ees ste fenteea [aero ace 
9 | June 6 iO) Neealess ~ Pal 24 IN Cod | Prev et | apes |S |e Ye [BC We 3 
10 | June - 7 OB alleaa nee aoe rool ee eae fe Le fd Uf SP AE | |e 
5| June 10 | ees | | al ea [ee I He A eat aS |b FS | [l(c 
5| June 11 Aes alee Bear TS eee al ease | cere ees eo ele le |e eee 
7|June 14 Cesc eel Sele seal rele feel tea Rg Lt acer lat) Cle ee (ey Ie 
11} June 15 10 |. Selected sas eT ete eth ll i 2 |) 202 cat te |e | P| i a 
12] June 16 Ei [eel ke exe arches [Steen ees SH HT re Lat a alee Tn (ee es ne 
8| June 17 fab see fa S| aa sl] 2 saait Ie ssaih & pal |] al Alle eke ea ets ese ee 
5| June 19 ANE alate ee SI Ser Roselle mal eee a A AO e a) (ae il aoe ae 
7| June 20 Brees peeeiins Si Led ee thin d kl) Soe ek 1 ell De patent Ne | LA Wavy | ae 
11} June 22 WO selleodles rel fol MEL! BS Yt he Ue lhl ee 
10) June 25 6 |. BAleS aoe alc | oa 5 Wes [ell eee 
10| June 27 6 |. eleva 2/1 rere Seve een |tcvepell es ut oe al tag | RH cn erasing 
Total. 137 |sac 3 (14 15 |22 |25 116 19 | 9] 7) 5 }.-.| 1 | 1 | 3,057 
5 | July 7 Sh | ase este | Pd UL Ve eB Fm 8 ee | Pe |e | 
3] July 13 Oi | en ee BEA eee ee ee lieal SOR | el Ee | eee 
4) July 15 3 ae Eel SE eR |peee Nel P e Fea oee p| R  b  ee 
4| July 17 2 ale alee AI Ee Se lel eel eee ales satlendnee moaeacee 
2) July 22 1 pl eevalioe 23 ell cll Ree |e FRR Te ne bt a ba ai 
2| July 24 230 | =a ae SS ile feta be es Rees ealaas ate are Me sere 
3 | July 26 il alr: ae aes eet a eee -| | elke, a erie ed 
Total. 14 Baa Wy yf ab gh ak | Se 3) St thy al Ales 328 
Total for May, 
June, and 
Challies ceases 411 | 1 | 7 \13 | 6 |39 |97 175 |53 |39 /33 \24 /12 | 9 | 1/1] 11] 8,809 
Average time in fruit for May..._...............- Set orate eAwee ee saat Guaeseest asteeeaeaee days.. 20.86 
PANS C Gale CMU CRITI tipl O fet [LIT Gs eps Ar aye ey eee ia a SU rk a! do_... 22.31 
PP AWOL AMC MULTI gM TUL EyLO er) iUlliyesra-f ein eae eee me nee ieee aro oe ease su aeeewcch oa Dhoewe Gopeeenzos4s 
Awerareumeiniruit tor May, Jume, and July seen eksckessccececheccccccck ccc escecceccacce do.... 21.43 
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A total of 411 larvee was under observation, the time spent in the 
fruit varying from 15 to 30 days. The average of all individuals 
was 21.43 days. 

Observations were also. made at Douglas, Mich., during 1910 by 
Mr. Hammar, on the complete life-cycle period of 121 individuals. 
For purposes of comparison the egg and larval stages combined are 
shown in Table XXX. The fruit used was peach. The average 
time for all individuals for June and July was 20.8 days. 


TABLE XX X.—Length of time spent in fruit by the plum curculio (egg and larval stages 
combined), Douglas, Mich., 1910. 


| Larvee leaving fruit in specified days from deposi- | Total 
Fegs | Date of tion of eggs. ege and 
depos- | egg deposi- : larval 
ited. tion. days in 
VON A LSS 202i) 22 QBN Aas 25s 2G elie eetnbs 
6} June 24 Baas Tey ued eal ede es eae Peel eS a be 
10} June 29) 3 aN ites eee sre oss ae elle eo Kel Ses] Sa ee 
4| June 30 TN Za;|| il Dp See pee ee tears eee Sie a 
Totals ses: 3 Bull you ed cia tently 3 |. 392 
Soil etl sak at | o5 PE Seg a9 | Bee lamer |e 3 
20} July 2 \\ al Beee Perec looeel dora = clelhe. Blears el eel Ae 2 oe 
19 | July 3 lle eat al AP Sil esha coe ae Be a he 
16 | July Al. @ 10 Wes sells Be een eo 
6 | July 6 |. hy [Beet 2g ree eka ima eee ees 2 
1 | July 20° |- Pen rte line. 2 
1| July 21). A Rees aoe oe 
Motaletesraee 1 10 | 32 | 24 | 19 | IT 2 il 1 | 2,122 
Total for 
June and 
iuyaeeee AE Seo as) a aa Bay) QO ality Gy ose) Ail 1 | 2,514 
Averagettimetin fruit {or JUN Ose seca see eae ee eee eee PPAR Re a days.. 19.6 
Average time in fruit:for July) ..3.0 3S Gas eee sas sae ase date eae ee eee do.-.. 21 
Average time iniruit tor Jumerand Jullys sess ese sence cee e eee ae eee eee eee do... 20.8 


In Table XXXI are shown the results of observations on the length 
of time spent in the fruit by the curculio at Barnesville, Ga., during 
1910. The fruit used was peach. 
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Taste XXXI.—Length of time spent in fruit by the plum cureulio (egg and larval stages 
combined), Barnesville, Ga., 1910. 


Ma- Larve leaving fruit in specified days from deposition of eggs. Total 
ture egg and 
Date of egg larve | Tare 
deposition. | devel- |12 13/14/15|16|17|18|19 20 21 22 23/24/25 26/27/28 29130 31 32133'34'35/36137/38|39 40141149 daysin 
oped. | fruit 
J\joit, Baeeeee 11}-- Seleel! Gy] 24 Toll) Ay ie ate alie tes ee 
Sees 29). - =| 9) 8] 5} 2) 3) 1] 1).-|--|-- Sea erate 
inher 68} - - AES UT Melts eed fae es LN ee | | | 
DPS 4). . elle HIN] yes ie | iS es eve feel a tide Se 
Total 112) -.)\- - aS als 4) 8/26/20 23) 9) 4) 7| 2) 2) 4) 2)__1_. 1 3, 465 
May 9..... Sede e peel. wa ona =e |S. a el eee 
ICE Bae 8}- - Se||Sallealael[oalos|| 4) Ga sles ollsallecle slice (sell Ssl see al eleMe| ale l cele fe 
Sees 13}-- res ese | es eet ate ft gee |e es || | ee 9 || 
IGS Sees IS =|ioal[selloe)ioel[Sailea| (Sele sill ligalis cise) SeliSelleeel IESE REIGSISCI OAS ae ERNE SESS SET be 
IC/S aee Woollsslasileclocl| Weel. sqloSiralloci>ollaa|oslediiaciisclesiios!@clleellaallsallectiaglectealaclvs|leanaoue 
iS Seas 1. polls olosian|) dhs es|lseicalsullaslselselnsl selon) eallaalaslselsalleelsalvalieedts ai/MNe allele ee he 
, MO s, <2 THe s}log|isei|, teal walle Sal Satlslles|ts eee feset| ces lal athe (eeel eel PRI] oe |e PRT TH a PhS ea 
os ee 15 oleae seal 7H Elec feos fl ele sc ee yl eel eat | a 
Ree Nealloaos| |b allealf Lub) Ie cll oallsolisel eels foe abel sell oes| eel Settee es ees ea fle fs at nel eel Pay pa na ne ee 
Pioauns Wpallee|oa|ioa|) ditealballsaieulleelleelaliaall ction] Seleellse|Sellselleleet eeu iSelloel allie altel eal le alge eens | 
26 hs 16 Se Atel lS lot Sy ra lel bse fat cf el yee ee fe ee fen Re PR | He Die 
Total. 64]. |. ./14} 3] 8/10} 2) 3) &| 9) 7 1,135 
June 16..... Weelecl) Woes lesleslle ee LS ea ser | oe | Ses eve lesa [neal een ges sel ey (eee ea el 
WT ee Seca} ssl sallscieel le clic fae Ie el] fees Re fecal Nea etalk Pe at eV 
Sie ie Be shea) 2) We siestesle Self E|| S| [Sallis [Svea baa [eal evel fatal ese ae [eee ses Cal fetes ees Pel an fe 
Ae seae Al 3||so|| illseloeleeleelle HEH er [Es | 8] ef eveN Fell ete fee kane fre Ves SS) (Sl | Li a 
77s ae Ae Sst ats 5] alesie cI Belfre| |S Sil ells elf col 3 [esl |r eed eect ees es] (Ke Py te 
ae sae ees ee eat | sd pu ee [pes ond eege Mr ee P  alM|a ESS SIS ls 
7S cree Boalt TM TIU MSH THIS SU ellie st esal es Ss IS) VT edt ot fa a Ws Tl Ve 
Dee el a pe i 1 er PP GV Ne Se 
28.2.5 oY TU 5) fel See ee eet eV NT a a VW et 
AO eee BSH eal! 2alave | TUT eee fe yeaa) al elt Vt ke el ee OG en VV | I ae 
aWe seas alee i Ae Slee (Seal Sextet ef ey bees ea cae fess Lok eve nee Vee fea fe | ea 
1/15} 5} 3} 3) 1)_- 1 463 
cll Seth rest eas ees VY bse (all foes fens eee SN ile Ste scl [coed Ps Salles ad eet lose ese sel best | (rey et ote cree eas 
al} WSs) Aleclsallsallee| sealed Sete Bells alles | acto (esl at ee] eel eet leeellcrell ee (al el has ere ees 
a 24) Aleelle Allee alee oaleelle eel eRe Leal Fea pal fess Leste Nas] Kees Kee Pesca eee eee see] Sie ey Ferenc 
4) 2) 1) 5 all Zlocl|Salloalleel| eevee feel ee) Perc fees | Sel esl Les feel cel lesen cl et Fe Sees etn 
He =|) ill} al fecl We sleclte keel hha Fes fe et be hebeal peeal eA Be 
WN Al 2 Al 2) Ee Te Sle he eX ers Sysstat | a ee lal a a DY Fe Pal bP 
GH Tb) Whe cNeseee ete cllellesle che Sellealle Agi teal eal ves lees fete esl ts ee eal hats a neal a 
Wy A) 24) Wleolloel) We [sll Qu ali allio (etfs | MINS Albee |S lesa ea keel sale fae ral Say |e ores 
soll) Wi csleeleele toate steel) alle Exiles Jo ysl S| all Sel eel Fe (eee lesa | selene ieee 
salecllsofest We ctoall Aleell Wy ay Waal Wie Tel eset ea Kees Nees (Coeetret Lsees terelleee Pee 
sofecllecal 24) aU TU ReH TEST SIR cI Ge ea See Si eal: Miceli lhesi [eal Hea 
yee) eet nes ae | THe i eT 1 | HF TP 
hfe coh Sy SUP STU Pes eta Lh Sed 2 Het ga Sl op fe P| eed Ve fal Ve Fo 
oa 2) @) GH OMe 74) Dy Dee I TN aN) a) a) ete SN CLE HE EME EIEN Re a 
Gyiley! Tl Gy Se SY TU ay SI] SY TU) Wee ostisallocte eet SMe OCS EL ee ae 
32/31)/19/25}16)18/13} 5/10} 6] 4] 4] 2) 1) 2) 1) 1) 1}.-|_- 3, 309 
ol Ui a) 2a, ST a) Wc ete ed] Ty De Jo teste th cece dtsele eee eo ee 

1) 3} 3] 6} 2) 3] 1) 2) 5} 6} 4) 3} 2) al. 

--|--} 1] 2}. .|--] 5/10} 2) 2) 3) 2) 3) 1 

1] 4) 7] 9| 8} 5| 2} sits] 8] 7] 7] 4] 5) 1 
son. cial 9/33)/61/31/43/38}29|21 Peace ree 9} 5}11/10 27/21/23) 9) 4) 7] 2] 2) 4) 2 1) 10,282 
EAS CEAD RUM euiaainUintOnyAcorile eee Aner eRe ete i Ph days.. 30.94 
ANTERDRE WING Tia tHE Gy GUA Ge sass gece asks 8 ea ke (a a do.... 17.74 
ATOREYS UMS The UMA DUIG ave UbMG 5) AGEN sean boa eye ke a yl ga a eet ER ee Or do.... 14.94 
AVORUES Whing TaN IEIE Toye Mil We eka cous aoe no (as ean ee Panama me Ol do.... 16.76 
ATEIDHS Wine Thal UeTIG Moye ING R Se oo ooo a snod dec cee ne ee eae Un DG eR OROE DOE ORE do.... 20.99 
ASHORE HOP UND GOP SGIDE See nigrtigedO BH -Aese Bie oad bee) Uh a i ee do.... 20.73 


The Barnesville records include observations on 496 larve, the 
period in fruit varying from 12 to 42 days. The average for the 
season was 20.73 days. 
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In Table XXXII are brought together from the preceding tables - 
the totals showing the time spent in the fruit at the several localities. 
The horizontal bars mark weekly periods from time of deposition 
of eggs, beginning with the second week. The percentage of the 
total number of larvee emerging weekly is also shown. From the 
Illinois, District of Columbia, and Georgia records it will be noted 
that there was a considerable emergence of larve in the localities 
in question during the second week. This was highest in the District 
of Columbia, where almost 30 per cent of the total larve emerged 
during the second week. In Georgia, 18.7 per cent of the larve 
came out during the second week in 1906, and during 1910 the pro- 
portion. was 20.77 per cent. In all localities a notable majority of 
the larve emerged during the third week, and with the exception of 
the Georgia material during 1910, emergence from the fruit was 
practically over by the close of the fourth week from deposition of eggs. 


TaBLE XXXII.—Length of time spent in fruit by the plum curculio (egg and larval stages 
combined), all localities. 


: : : We ENG: 
Griggsville, Ill., | Washington, D.C., aS aie Myrtle, Ga., 1906. 
1904: 1905. East, Pa., 1906. 
Days. Percent: Percent- Percent- Percent- 
age o age of age of age of 
Larvae larvee Larve larvee | Larve larvee Larvee larvee 
emerg- | emerg- | “lB | emerg- | “ETE | emerg- emere> || emerg- 
ing. ing by ing. ing by ing. ing by ing. ing by 
weeks. weeks. weeks. weeks. 
il) Wea en emu aa crtemis il 
2, 1 
1.70 9 DOV TO eis cs Le ae I ae ee 1 18. 70 
17 13 
43 14 
Sele es. l(eteseeees 6 
OSU Ae cee ever eee 22 
TTA Mi sees al || eee ee 36 
76. 66 15 68. 98 21 79. 41 16 72. 95 
Pte hina amare tegen Ses ae ed 14 
Sule ce S| eee ers 8 
ew aneeee 6 11 
Mi Pes eae Sei een (eyes et I 5 
By || Wenner iene | eemeror se 2 : 
ee mete i 1 
19. 38 Sema | 123 | WSs aeeie es 20. 59 | Sees oc 6.45 
ear pl a id gil ER ten ees 2 
2 
1 
ra) een ed Deere ane ote N ... 1.90 
OD |isiais avtosiciclEil ave a ox eats Sel ee are te elm yc rote I kote tele Stel ST eee se een 
100. 00 245 100. 00 34 100. 00. 155 100. 00 
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TasLe XX XII.—Length of time spent in fruit by the plum curculio (egg and larval stages 
combined), all localities—Continued. 


sella Springs, BEE, Douglas, Mich.,1910. | Barnesville, Ga., 1910. 
BES. Percentage | Percentage Percentage 
Larvee of larvee Larvee of larvee Larvee of larvee 
emerging. | emerging | emerging. | emerging | emerging. | emerging 
by weeks. | by weeks. by weeks. 
BRS craps ate [Be i ech | seers eee 9 20. 77 
5 aes Ee SCORE eS aera el aes Peres ae 33 
SS pe 2 ee a ata | Pie re act 61 
teu ee Dead 31 
4 43 
Boece 38 
57. 91 3 68. 60 29 41.13 
15 21 
36 | ies || 
( 25 27 | 
20 28 
11 12 
5 12 
ANSIGON | Wsaeeoo sis 31. 40 9 17. 54 
1 5 
1 | 11 | 
alee miereiaiets 10 | 
27 
| 21 
23 
GAG) nk eae nea eae aaee eraser 9 18. 75 
4 
7 
2 
RB. cc kenecche SEGOSNBERS EE SESE AEE Be Sate BHoe Sepa ees eee Se Seas Sees Sears tere 2 | 
BY eee seal eae gee Deu A nee eee ne DEE es eS eetee Se ecc ese a nae Scose Se ee ees ReeseecesE ers 4 | 
Bis - so ch oodé. ds SESE RSES See BREESE Sepa senators GAS See Se Sens Scenes Sameer Preece cer 2 | 
Be ac cc mi ees Sa oa a a a ee re er (ee en eee ee ene 
Eee nee em Se hla) ae meneraes bates Seasee saceosecee ess] cece coheed eke 
i een hp eorex (Enea ecclesia SS. scl ame seen sense ese eeselacs-8 eases 
eR eS Prune pn A'S eR yd SS Se eae toate sinc eciae aoa ail 2S ase ee oe 1 
INO 2 ae ae eet All 100. 00 121 100. 00 ee 100. 00 
THE PUPA. 


emergence of the beetle. 


LENGTH OF TIME SPENT IN SOIL. 


Considerable information has been obtained on the length of time 
spent by the curculio after entering the soil for pupation until the 


As in the case of the statistics showing the 
length of time occupied in the egg and larval stages in the fruit, the 


present data have been obtained, often from miscellaneous collections 
of infested fruit, and at irregular intervals. 
from collections where the complementary data were not obtained, 
or during another season. 


Records are also given 
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Table XX XIII gives data on time spent in the ground by the cur- 
culio at Youngstown, N. Y., during 1906. A total of 826 larve were 
under observation, and the average time in soil for all beetles emerg- 
ing was 31.04 days, varying from 19 to 54 days. 


TaBLE XXXIII.—Length of time spent in soil by the plum curculio, Youngstown, 


IMs NG. HBO. 
Adults emerging in specified days from time of entering soil by larve. 
Lar- 
Date larve entered soil. | ve. 

19 | 20 | 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 380 | 31 | 32 | 33 | 34 

Meee ye ee UXO) epee (eee ene) omega eee eee ees AV AL Hs a Ba Al 9 
QBN MONE See Age L}5Yp| Sass Ee sacs Seal ees illes Sell Panella le Beale ay pe ik 2 1 

Die ek ea Gee aes Cue 250} 2 TN ye My peatey Io) stay |p LP a) 4) Lt 3 
Motaleeves dae sae 345 | 2 2/ 1) 7) 10} 17) 10] 12) 19) 25) 14) 23 
Ab ipl Ber saa men ee Oe 150 3 |e CEN Oo) | gab | le Of ve 
ET ak Be 126 le Sues TA 4e Sale |e ea 4 
SPREE aie ea See Oh SO 135 ee sail Besolea ap Were Si 8 2 

ia eee Se A SS ya 70 2 PE Ne Pe Nhe yi i A esd) 8} mail eee | eee 
Motalese s2 = ees see 481 2 PY MW (tc 15 | 27 | 19 | 22 | 24 | 11 | 20 | a3 
Total for season...-.-| 826} 2 2 4| 7| 7 | 25 | 44 | 29 | 34] 43 | 36 | 85] 26 

Adults emerging in specified days from time of entering soil by larvee. Total 

Date larvee en- Total] days 

tered soil. : adults} spent 

35 | 36 | 37 | 38 | 39 | 40 | 41 | 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 | 54 in soil. 

ARGON OY ooooeacoosa O | Biepctleess| fascist 1 Ll cesh = 84a Seeeseees 
Be Alle sabe Ee beta a Sells Die eae 

O10 re ea Ih fe Zi Wleesf Uy be 96: |eSeesese 
4) 38) 4] 1 Pa dsl 1 1 151 4,711 

ioe 2 as ieecale 11> 73) aes 

Bie yal CURD seal mal S8hi| Aas 

Petal Bel oneeeihedoll 2 39s) Sosskeee 

ibis 25512 esos 
Motal...--2\-.) 2) 0138) 1) 7 [od ee ee 

Total for sea- 

SOMeese. see) ALB Be A Be Bel Ate its Meal ecb a aN A) ee om Nie a 3 
IN SVASY HsaTe) Spovoray Wal ye}ovey feaoyoualGl Chbusualer ANNE o 2 | ho soe sao ee See ease ose o sno soecossesss52= days.- 31.20 
AN GUNA) HAAS) Soforauly va), WhaKe HeoyouaKel Chowgmaee Why ooo Soe bees soe soe esos SocconsesuesssenS= do.... 30.92 
Average time spent in the ground during Season... ...-.--.-.------- 2-2-2232 ence nn ene n nen ee= do.... 31.04 


Table XXXIV shows similarly the time spent in the soil by curcu- 
lios from miscellaneous collections at Myrtle, Ga., in 1906. A total 
of 459 larve entered the soil, yielding 376 adults. The average time 
in the soil of all beetles was 25.95 days, the range being from 16 to 
46 days. : 
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Taste XXXIV.—Length of time spent in the soil by the plum curculio, Myrtle, Ga., 1906. 


{ 


Adults emerging in specified days from time of entering soil 
by larve. 
Date larvee entered soil. Larvee. s 
16 | 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | 255) 26 | 27 | 28 | 29 
Wie I7 sneer see eae GBP eae | ea reas ae a 1 8 | 5/10) 8 
QE ee see eee sen ueccise BONES Sule alt sel erases Bees il eae eae 
OD). 2 ae oan eee ae ae E16) ese | eee [aes es Pie Ve Sobe 2 12 
ees yee Decl Sees Ay |S ee lee ok cal tee DME ERIN EN Bol Path 1 Gal eacle, [esis ell ee 
PU pees eter oe awit ices Beate ae ai, onde [pope es Ps om esl ote ee Sa Syq) als) 1) 44) ales GEE roe Salas 
31 2 ctu a saan eee ee eee See AS | ee Soars [RSs | lt ee ed eee ea) Ae Ac oalleeee e 
ANC) apa at es oe er 244 2) 9) 15] 34)14)14) 8 | 20] 20 
hee 0 eras oa el ES 4\14li4| 6| 2 
Beenie Uidesioe tease cee eee Se BY Wine dbs Gs 8 i Co ered HA es 
Biches ee Mec Uh Sey Bae NPN ae 8 7 9 4/16/14] 6 2 
Total for May and June....- 319 | 2] 3 |- 8 | 9 | 9!) 15 || 43 | 28 | 30 | 22°) 26 | 22 
Miscellaneous laboratory records 
from May 1 to July 7..-.-------- WA) | eal TE eG AE CETL) AUER) Tage Peale ya che I ts) 2 
Total for season.-..-..------ 459 | 3] 4] 3-| 6] 12 | 13 | 20 | 34} 62 | 35 | 46 | 29 | 34) 24 
Adults emerging in specified days from time of entering soil Total 
by larvee. Total days 
: ota ij 
Date larvee entered soil. aGhiilis. spent 
30 | 31 | 32 | 33 | 34 | 35 | 36 | 37 | 38 | 39 | 40 | 42 | 45 | 46 soil. 
4} 21/.. Mil cesey alee ae AU ee aes 
A 1 Lilag. seis Ohi Saaaemas 
5 4 Sloe aoe Dieta nese 
a Sete Don aeeemes 
2 1 2). G0 | aaeetns 
=|: | Bee ea Dt le erste 
on Meu eies | Dae 165| 4,405 
4 AW ee ates 
3 eel ea -|- SiS enna 
A -|- 71 1, 726 
Jun ne ee dso eeeallsceilecen 2 1 236 6,131 
Miscellaneous laboratory : 
records from May 1 to Z 
ANE 7S teil oe ee Ty Te CS SB sal Seg aes TE eRe Se ayia SeaL abate aa tea 140 3, 621 
Motaltomceasoneees| va LOPi 8 (eo) Sale 2h) Te eo Sele We Ty 2 376 9, 752 
Avencemne spemiimuime sround during, May, 25) 5-.0) 32.202 eee te eee eee ee days-.. 26.67 
AWerAcelMespemt une the sround dunme Jumes- 2.222222 2252 6 ect ae cece tceceve somes ese do.... 24.30 
Average time spent in the ground during May and June.............--..-..----------------- do.... 25.98 
AV eErAceune SpeMi tue STOUNC: tOL'SCASOM-ssse= 2-2 ses. = 45-25-56 5 seen sse e+ eae oenesisen secs do.... 25.95 


A few records were obtained by Mr. Girault at New Richmond, 
Ohio, during 1907. The 75 beetles emerging requiring an average of 
22.21 days. Data for the month of June only were obtained, and the 
variation in time occupied by individuals is Goon pomitiyely small, 


from 18 to 26 days. (See Table XXXV.) 
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TasLE XXXV.—Length of time spent in the soil by the plum curculio, New Richmond, 
; Ohio, 1907. 


Adults emerging in specified days from Total 

time of entering soil by larvee. T days 

Date larvee entered soil. Larve. Oe otal spent 

adults. i 

18 | 19 | 20 | 21 | 22 | 23 | 24 | 25 | 26 soil. 
Ribak aes oem ea Me eras Aes Abe SO eee) | le eeecle ie alee ets yi oak ie al 29))| aaa 
5 aot ei =. cueietersta sia Sete wee eer 20) | eo eelloaen Sf Sy Bi By By a | a 17ers 
Ute Be ee aod Se eran ta Some de Set ee PAV eres eae ean al fasty lee eal (aoeclbeael leone ne eae, 
LG eee es eatec ss Soe e Ree ome 28 2 ASQ GL (ri | wala | see eee eee 18:12 See 
MOLY C 2 wee eRe aes ep eas CB 2 Bl Ue ie |) alee al) |) 75 1, 666 
Average time spent im the soll. 2¢. Saas Se octet eeonacte acne eee eee ee eee days.. 22,21 


The records from Siloam Springs, Ark., are fairly extensive and 
cover the three months, May, June, and July. (See Table XXXYV.) 
A total of 5,860 larve was used, yielding 1,774 adults. The range for 
the various beetles is from 19 to 47 days, with an average for all of 
29 days. In this and other tables on the length of time spent in the 
ground, and also on the time spent in the fruit, the monthly totals 
and averages shown are largely arbitrary, in that the month is based 
upon the time of larvee emerging from the fruit. Larve leaving the 
fruit im late May, for instance, would be in the ground during much 
of June. 


Taste XXXVI.—Length of time spent in the soil by the plum curculio, Siloam Springs, 
Ark., 1908. 


Adults emerging in spec ined days from time of entering soil by 
arvee. 
Date larvee entered soil. Larve. 
19 | 20 | 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30) 31 | 32 | 33 
Miaisy sails Setar artes Sei a ee erates 328 ry i & 4 
US SSeS sees me yaa 574 PAA mde ected zn IAl WP iO) |) ites p23) |] ile 
Pe I ae i Soe ete 965 4/ 8/11)17]14) 2] 16 
A BU asta Koka oie Sevres 550. TS ey KO) ae) | size 4) ia’ |p Bal 2 
Di bees a Es Aer ee ee 629 ae al | 47 | 54 | 62 | 14} 2/32] 16 
BOS Sas aces eee ne oes 719 PAL iN) 2} Weal) cys! |] B10) |) hi 
Mo tales aks ken Bere near 3,765 2) 2 | 29) 35 87 | 98 {143 |108 | 56 | 83 59 
JUNC! Zier Goh aya. Bee Ao eee 532 |. 8 | 23 | 9 | 86 | 38 | 23 | 21 | 36 | 25) 4 1 
aoe bi lake Sse SSE aE Eee eae 449 |. 1 2 | 10.) 9) || L4)) 295138: 25 a2 |e er ee 
(cya Wiehe eee TA ae oie at 270 ALN WS || UO) Gy Bh 3 Borel ic) il 
AL PO AN es Rey he lol 124 1 DS a3) 29) See eae ee 3} 2 
oe arate es ates oe ek a 107 1 5) Pope Se 2 SE ) 6) 9250 |e ee | eee 
AU Zicags Veale aed, SN art eee eae 81 2 loses) 12 fi Oo) Bole Qa eI a A A a 1 
AV eee Neha Asean, an orn 61 Q Geb B | 19s) 27 es | eer eee ee 
DB URIS Ine PAAR eT Ren eee 42 Feros ian ae Olle | Gilly al | ees eee = 
PASS Senta aaa See ete 39 1 I ies), Pe ea ae ail 1 2 
Total. gooccuase eee 1,705 2} 21/17 | 40 | 64 |143 /110 |104 | 63 | 48 | 56 | 11 5 
TlysO08 sasate char) eee eee 146 6133) (8) a Sa a a 
PAT PR trict eas Nem ete,2 8) ert 19) WL Wy Be WZ) La Sas G) Gn aie een | pee | ean 
DB obtener tae pete aloe 74 Z Bee Shoes Pow ee seless 5 2 ee eee 
Bee eee one eee 51 ets ti lie io) eine 1 Be ess! Perea) 
Motaless ageless SO TOS SR eb all eal lO) fal} Gy ti] al) 1 
Total for season. .--.---- 5,860 | 1 1 | 12 | 41 | 52 | 62 |104 |199 |207 |213 |211 |160 116 97 | 65 
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Taste XXXVI.—Length of time spent in the soil by the plum curcutio, Siloam S prings, 


Ark., 1908—Continued. 


Adults emerging in specified days from time of entering soil Total 
by larve. Total days 
Date larvee entered soil. Pare sper 
34 | 35 | 36 | 37 | 38 | 39 | 40 | 41 | 42 | 43 | 44 | 45 | 46 | 47 soil 
Wiki WaPo See eeee ener Dt Cy SN Be Bp od fod pessibacelleedal) Ul 2 ee Sacdae 
VS aero pee So clvere a)e)S are 12 il (3) 4) ital 2 1 US ge fase se eer ge | eg LN Bre || a A sees 
Be BSS os OSS aI PAS) |) IEE I PBR Ne ale TE WR tl eed ar aS USS Ee Sree 
DE ee Oe a See ee 6 | 3 1 A ea eee Ly eels Soollsoce| eee lc el eae IDR eSaacocte 
sas Ae oes See CON yy | (ay el me al ac ea ee se De TT ea ee il |e PES oaccoar 
AO aceon ee ames 14} 2 Us leceol) aod 1 i a eres eee OANA ieee 
| 37 | 22 )18)14)10) 8] 3 2 1 3 1 2 4 892 | 27,470 
10 |eeceleece |) ee Ly) i Dee POR |ocasssee 
eee pa Lt Ita re acral llrzy lta reed ete llc ae ee erasers 
il Io Seal ee ale (O\)||Roedoaae 
core Ps ES oe Bee [ce ates [tees all eon aa es as 2 essere 
Sells baelle zsellleee AQ) Niels sais 
Beale Beals Salsas HOM ee aero 
eee ales Seae6 Bale ee cease 
eee Dyes Bellas 29 RS cases 
iL We oe se es IO) ears tere cle 
i} By 8} 3 4/ 1 il 1 ite 700 | 19,434 
ras Ean eral eae ha | Oh Neng oe 
eer Tes reece led el en (970) |e as eet 
1 1 Me DHA Nees mee 
Bae wee ees ANE Serer 
1 Bille acl) etal 182 |. 4,547 
Total for season...-| 74 | 50 | 24 | 23 | 18 | 15/10) 4] 3 2 3 1 2 4| 1,774] 51,451 
Average time spent in the ground during May...........-------------------------------++--- days.. 30.79 
Average time spent in the ground during June..........----.-----------------------+-+------- COncen Ble Ko 
Average time spent in the ground during July............-.--.--------------+--------+--+--- do.... 24.93 
Average time spent in the ground for season.......-.---------------------------+--22-+-2-+- do. 29.00 


- Data on time spent in ground in Washington, D. C., were obtained 
by Mr. Jones during 1908. 
5,956 larvee entering the soil, the range for individuals being from 18 


to 56 days, with an average of 31.09 days for the season. 


XXXVIT.) 


A total of 1,114 adults was reared from 


(See Table 


Taste XX XVII.—Length of time spent in the soil by the plum curculio, Washington, 
D. C., 1908. 


Adults emerging in specified days from time of entering soil by 


larve. 
Dates larvee entered soil. . | Larvee. ie 

18] 19 | 20 | 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30 | 81] 32 | 33 | 34] 35] 36 
187 slacallecallacs| Ze abt By 3 fe ae | ali 
283 -|---| 38) 4) 2 |12| 4) 5 27 13 | 7 
218 SelB Se a Se alee A ae eel) 39 
297 seal 2G |) By) Wy abe 1 
985 seul 8 | 7 |] t33 23 |) 3 [Pal 32 24 | 24 
Fall wale eae lee Ra alee rere ae. 
Nel eel lecellsas|lecs ne shclleselt 2) BAS COW 2B ices 
62/5 | Sere | es =| Se Base ale Wail Sal all cal gil etal ers eee |e 
90s Seu Saas Wee See iW eealh is |) Ue lecoeleect | B || 8 
WE \seellscalecdless ae deelecalcce| CoN q) ea Bs aks bee 
PhS yalle aalloce| Seaelsae 226 Sealer eealace) sec sisellsecellos all Selects 
208s \Sasleee eee eee Be he see aoeliaea Geeine ollsccllbacleeéslaeo 
223) |=. - sealsaes Se ers ele rele iCal lol eercelomalcecl sae oer 
IAM eeclteeplocelece al Whose th tesa BW WN & lisa] Seleael] 22 
iby |} lec al le. alee eee WNoeoll 48) 2 Wesel) Wh Pe} Baloee 
249 |... £ Sailr ocell UNI Sal) 8 teal) 2 Hecate . 
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TaBLE XXXVII.—Length of time spent in the soil by the plum curculio, Washington, 
D. C., 1908—Continued. 


Adults emerging in epee days from time of entering soil by 
arve. 
Dates larvee entered soli. | Larvee. 
18 | 19 | 20) 21 | 22 | 23 | 24) 25 | 26 | 27 | 28 | 29) 30| 31) 32 | 83} 34) 35) 36 
Fume TO eae eee ee 369 : ses -|4) 8] 4 |11 110} 7] 38 138) 4)] 4]... 
Stave wee a 6 ee Seamer Ue eelee alter Bi 2/9 /12/1 10)218 ANB eee | See 
De ene es Rea IS aye 190 Belial Slacalh cue lseifiel yp eA lioness 
Alda) Sefer a Beek 140 mise oral etece |e (dele | Pole eee Bieeyeladbe es] 
UGS oes se eee planes 296 ee she Seles 2 Gn |e OP LAF 9 ea eee a 
SEs Sareea ota Stes 107 |. Z tes ee Pea es eA fea ee || (Gh | - 
Give gee Meri eee ete apes (G0) Iie seitecelh db Pap ee Be RO eel en ie | ee sll Bre fe lt 1 
(Oe oe aew te Seen aise 122 |. 1 Seals T2825 ORG 3 | Sines | iL eee et a ee 
OD coe ete Gaicy eamn aus 106 |_..| ie 2/19) | 40 |e) | oS eee a 
DIES Ste Se ae mete ie eea| tee Joa)oce| Dacre Wess | 25a 25 ie 2 ein ieee eae ae 
DO Rise Renee ie Sinise Se NOW| eae se os ea) OK O00 Vt Yin har" leet ers ales elf eos il. i os 
Dob Bore pce hare Rs ek Fane 177 Sere a Deals De eS Qe De Le |e | Sees | ee ee | ee 
DAS ore HEIs ipa ae 64 cow Billo Uo Ut Veer eal Ue eal le eee i ah 2 
DB idicieee SO ee De eae 148 eae bate eee oy eee abe mena IN I io 3 a 
DT rele r E e 97 pew Pp NA es Phe aol] a, |h3} il ie 
Poe AS MET Tes COURSE (a1 Ss aN Ber ese CPee eet theca isc s|[-sisal) 1b as 
DO Arma ncel AEN ERD Cem A eae ine Wee ae 2 SA Oesee Ne sells el) asa] ee | eee eS 
CREE aad el IS sea ee 0 il ells dae i Gla al ene tay 1 
LING Gell epecey ater sie ke a 4,645 | 1 2!1 | 2] 4 |15 !31 [63 '80 |38 183 172 |S1 | 46 165 |36 129 | 10 
iulivs ilies Sens eee eer eer Cy i Naa eae te [eees seeless ee ones PW ieesisos 21 ee 2 
GI EAME aioe Ep re DENG RE OSA A sea PO ie ee es eo 
Po Seca oy mui aad a Pe Oy eel lens al eel tee aD ale Oia Asal 2.202) Ae oe rs 
7 A ie earth nS Ne RUC 24 fee Sulla et Dae L538 BG iC oS a 
ea. lene ened eas Ora fetes) ere lome a ACE Sie eee eae ealegte 2 
(agai Sane Niche gan tie 2 Gy See | Seat | Sap Scale Se oe ee ile Ne 
e/a esr gel he Geiger Sao ee (ee ee 1 | SA 8 |S 5 | ee Galle a Scat eae 
Bec BIR ire sees See ee PA Ms Allee ee WB esa selbibe eq Ae | ab en aS he e 
OS 2 Same akc eee 39 |. 2 | I esl seelcen saclscotacl|s eee Eee 
iN ODES Wei A aay yes ead 10 é ey Le 
IN GkE Des aR Abe eee onal eae : is. 2 
UG Sh at eR Secor als eae ak oe Sb 61 Bes 
oe Ae oe Se perenne Us 18 nat wes Oe 
ENO Tell SST Se eae 326 2) 1 1) 4) 8 te Ws 2 | 7 8 3 25 eee es ie 
—} : ——— ———— 
Total for season.....-.- 5,956 | 110] 4/21] 3] 8 |23 145 |76 |92 )48 198 |83 1106) 78 |87 |€9 |53 | 34 
Adults emerging in specified days from time of entering soil by 
larve: Total Total 
Dates larve entered days 
: adults. 
soil. aa GM Spent 
37 | 88 | 39 | 40| 41 | 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 | 50| 51 | 52 | 53 | 54 | 56 meus 
IMA OT karo aera SB) a Bay ay SL Sal ae tells 2 jal | 2 Soul Eseeeeree 
Sek ee gece ees TPA ee elle ale Re 2 LOB are eee 
OO eens area es Bist ea 2 1. Cel see ese cn 
BIL ute ea it eres |. 25 | ae 
DG) Fa) Py Ser IG AG. AUS LB} 8) th |) Sa | By) eles 2 Ue ited -|- 2 251 8, 823 
Sumo s Veer Woe eee 1 Bypal 2hn| Ret eral epee | ts pets (Ma <a eee fice Tl eee 
Pah Ree Sl payee ed ao Nese eae alle elle Dr Aleet peo eel evs eae a 87: | eee 
epee SP ie es M) ie Diets OSes SY [ete |e St aan Be Peete i 7a|; eee 
Abi p2 Sto secs a Boil sie eee tes] een S| ele RSENS Poa ey er 24)| See oes 
Bee coeur need ect SPE EN Ea i Ve a sn a | Fe Bee lseel es 1 20) |e eee 
(yearn es the A na Eres Sy Fal] are | es ee a Bee och sae 4 || eee 
Use e AS ASSMAN ee RE ee | 2 Sy ea Wy) ose) a 2 |. (ie ee see ss 
Se RL PeR en ig 1 Lo pee fie Clap Fata 5 ea Balcones 
bo reesei aoe ame PA ee Sl ees lgeal heal 1 2 | Biffe ee sass 
TOME Pe ase ee RATS Ren ee a2 rll ooh a| TD A Rote cles 
LT ee oe ie ele ee Ws ae 2 oe eu dee | as 5 14°) acer 
oes eae ee Beeld lell eke hesreiel pep eve Seat ee 1 . = 84, jee Ee 
USE be eae cece seal) SS) lee Ss abel al 1 2 84.) 8 ase 
A ee a Se USSU Ee Siete 1 § eas 2 AO ee eer 
Were Pee svete eels Se ets we 1 u CRASS el eee 6 gente See 
OG Sree aera eh ree era ers es in is ‘ is a D2 si series 
dW (ere ME Es Neo Sai al 3 Ns, 0 | es 19) Sheshess 
1 ST eet a pe ka a Bas Sees ae 2 20) ease 
te eer a ere oe 8 ik 2 e Py eke, 5 39.1) eee 
20 re ee eee B et : i]t epee i i Be eel 
PANES TELS Pd ce acre ee oy rs IL at A |S 5 £ | coaics| Sea ee LS: |seesecete 
DRONE Sta ta ala BS a |e Ke a a Ps eee tS (I 3 lea) Sealacn 29) |S oeecee 5 
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TaBLE XX XVII.—Length of time spent in the soil by the plum curculio, Washington, 
D. C., 1908—Continued. 


Adults emerging in specified days from time of entering soil by Total Total 

Dates larvee entered larvee. ota’ | days 
soil. 7 ; jaa: spent 

37 | 38 | 39 | 40} 41 | 42 | 43 44 | 45 | 46 47 | 48 | 49 | 50) 51 52) 53) 54 56 | | in soil. 

| | 
eae ese ea 

cea CAT eee eee aah [ae ‘ Fee hes | ce el | oc | res eaves eee er (eee 3 Sa Ree Se 
2 ne ae Iai caiesaleeelora 32 eased Ocal bat naseligaie leer ey ee eae 

PAv) Si ee eee eae SNe | eke |e teal Al Lye eee 1 ee a eae Lena eae ee eel CS hs | See tee 

iS ee ee eet ea rata | pe SOR ie 2) |S) soe 2 en oes be) Ee Ole lees ie See 

3 Sb ye ae wee ES) | ee ae (EG IE ona : Re S| (eS ee |S St es Sly Berens ee 

2). ee a SUES Re aaa Sled ler Ae a ae se rr Dos een 

4 Us 1 io BEE Eee [Poe ctie ee! ao Le coheed ede emi cea) ee Meee tb Se be eaten) at | PA Mees 
Wotaly. =. _..-- 10 fis (26 au} 5}6|3ho|3|4|3|3|--)2]--.,3.-)1| 777 | 24,354 
niyo Pee oe de eek ml pe ee uke & [ez hia ee | ee 
aonb e eee SpE (2 pe et (| |r Ca ae he a seri oe ea Ber Da\ee ne cee 

2. a elles Wena tee ees sol een ligt Alte: alagilis athe el ae 
Be 2... SPS ae oe ee ge a ee eel bar ae 
pape ee | Alea eetetaemclictoaste ae ee eet [ne (ch (a Ea Giieeaceee 

ee eek ee Aa perlihzel (iets ame bee eo alan ORMr the Meee Lacie eine Les OD eek eae 
See eh | fe Uae yg eae or OR Veo Rea | Pach fina lee | VCE) i ate 
Hb ec Pelee elem ieatlitac ica. (Sy eee Peetietaee ls alieckes aaa 

OM spe ts se ee Veee| taal ae 1 Se 2| Neel a ees eae ee |nce|lec dicc2|[sac|/eccizae Pa ee Neer 
WB Rresea estes soars ia eset ah) bee Sells z2¢/ees|eeq||s2s!===|2=- see hdl SRS 
Rois at ee ci) ag PE a) Ss ee es Ve Ell Bs 86 | 2,390 
Total for season [26 (45 43 26/8 |9/8l1|5|/5|/3/3a/2/2/1/4|/0\/1|2| 1,114| 35,567 

i | } \ H 


1 No beetles emerged. 


Awerisenime spent im the solduring May... 2-22.22 so => seems aces see ane eee ee ene days.. 35.15 
een CMIMMe SPelbt une SOU during JUME..- ecb 5228 oo See eee ess as ie ee bene eee eset Case SiS¥! 
Average time spent in the soil during July.- donee Zit 

Aeena renin CspPentumbhe Soll 106 SCASON wen <<< sae HS sce otis ge eco ssSe cel eset suesectncedass do.... 31.09 


Data obtained by Mr. Hammar at Douglas, Mich., during 1910 are 
shown in Table XXXVIII. A decided lengthening of the period is 
evident, the range being from 27 to 58 days, with an average for all 
individuals of 36.32 days. A total of 177 adults was reared from 
207 larve. 


TaBLeE XXXVIII.—Lengih of time spent in the soil by the plum curculio, Douglas, 
Mich., 1910. 


Adults emerging in specified days from time of entering soil 
by larve. Total 
Date larve en- Tine Total | days 
tered soil. 5 l adults. | spent 
27|28|29 30/31/32 33 34 35/36/37 38|39 40 41 42/43 44 45 47/48)49|50/55/58 fan soul: 
— |— | —_ ] — —|— | — | —j}—} — | 
WMO ice eee 6 Slee Leelee aye eens |e Cy eee 
DOME Se tes 10 al) TSaeee yea all CES 1) 2) 1}. NO eRe aee 
Rise eae tie 2 fies ee | a ile eae 6y| Seto 
pes {Be | | be thee | pe ee | wee 
Motels. = 2a Pe 2 5) nm ele a 21 ol Less ea eha Sirg4g 
hit ee 37 oe] 2) alsa] ela} alt sl. } zeta. 11 a Nae 
=e aE BOE DAS Pelee een eoleS|rotss|iedlccimsiito |= Belt LOR see 
Steel CL | RE | | AV RSD |e LOS ae xe 
EOWA 3 3 i) ala (ET Ve Tea eee 2 
Gs ce ae 9} 1) 1. <b 3] eS cf Ue Ne WED aes 
oil Oe Obaleatoslal i a|| DB) By allel thes eatiee| Srltemtaaes 
i3cs ae 42 \e.\0 18 [)Si3]/2| GO) Gy 5le feels |= 2 | 38) aes 
DOE Rees as Sz 12 Bee 1/21 A} 2) she} | | | LS eg ee 
ioe SUG) | aU a) Ie 2 eae. oe So) eG eee ea ee Bs SC Nes 
Total.....- 180 | 2| 2| 2) 4] 6| 513,21 29110 7/15] 1 s| 4| 6] 7/-.| 1 lal a) 55 | ises 
Total for |e =o al (el | ef Me fl ol oa kaa eS a | 
season. --. 207 | 2} 2| 4) 4) 6 ales 10)19)15) 1/10) 4) 7) 9)--| 1) 2) 2) 1 1} 1 177 6, 434 
| | | 
Average MMe SCM MRP TOUMG: GUE & ALT Gce soe eee re eae raha tele So ayaa ots Sra en Ape days.. 38.69 
ANTEPDLS TAS Soe aks iol eanoee OhG hrighateed ib lh ale eran oe Seams oe tee nee ese see ee enn < Soeee do... 36.03 


PRVerAce Gime SPEMt aM STOUNG GUTINE SEASON... oe sesso enw cere cen doom nee er ene see do.... 36.32 
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Table XX XIX gives details of time spent in the ground of 1,568 
individuals at Barnesville, Ga., covering the period May, June, July, 
and a part of August. A total of 2,917 larvee was used. The range 
of the different individuals is from 21 days to 62 days—the longest 
yet noted—the average being 34.44 days. 


Taste XXXIX.—Length of time spent in the soil by the plum curculio, Barnesville, 
Ga., 1910. 


| Adults emerging in specified days from time of entering soil by lary. 
Date larvee en- 2 : 
tered soil. Larv ee) 
| 21 22 | 23 | 24.1 25 | 26 | 27 | 28 | 29 | 30) 31 | 32) 33 | 34 | 35 | 36 | 37 | 38 | 39) 40) 41 
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Mancbeea eee o 77 | re OE eet re en 6}. 5| 5) 3s Sane 
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Reese Manne os 566 ioe Ses sees Pe Babs | OR AON G4 i525 Sia Ole HU Ee 
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AL eee entyeccee eae 192 |. SORE RSS SSL Spy tay eer) ey eat) IMO | (8) SLL 1 ai\eeial ees 
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DNS Se apices 25 Desai tee ep al aby Gy eee Teste Se eis Ie YS eal} 
QOsS* sae ose: 51 soe aL VS ak al] 2 eee i Wy al 1 |. il il A teeta me Le 3 
DO k ahem 27 AE eae eR eee eH ao Phib a iaib te oe ee BES alle nae 1 
DOS aire Slee Rie 12 el soa ke WS Bal eee ete ek Wee faite ener 
DOL eee ie oe iaiiscens 2 Evel ete reel lea Hideto a 1 eateths 
CHER ER ame cee 8 |. -|- 1 | ee lt Bre yt bal bot a Bees, | od! Se 
| I — 
Motaleeeser 210 LES RSH LS LO ea AS i heron iced neal ure 1 3 2 1 Tye te 4 
Mapes One fly a ee er ee an aa es fe iE bea es 
Sines et Bane itil We Tea el aes SITE eae IRs eae 1 one Bipeapa 3S 
he eo eee 13 | Bed | eo Bed Wale Wal eee eee f 
— i |. | 1 =! — 
Motalee eee 34) |. 12 G12 1343 pil 1 1 eo: 
Total for fe at 
season....| 2,917 | 1 | 2 |12 |16 |29 [32 |24 |42 143 [63 |61 |96 |139 |189 209 )165 {152 |128 [42 [37 | 25— 
Adults emerging in specified days from time of entering soil by larvee. Total 
Date larvee en- Total | days 
tered soil. adults.| spent 
492 | 43 | 44.| 45 | 46 | 47 | 48 | 49 | 50] 51 | 52 | 538 | 54] 55 | 56 | 57 | 58 | 59 | 60 61 | 62 in soil. 
WIEN? Posoecscuos secjeeciioce|eseiesajacq Sogellese|aoc|oec||s-2)-2- 2B Sereeee rae 
Sy lena 7 1 | BI Ta AH [ee | 5 Pee s| bs seuleee 182 | sseeanes 
SiMe 2| 4 iL yea Ss aes aa es a ee ~ [cell eae 
Oe eee eee SE eet eet SL tegceef = Aesaleoells Beer 105) | e2Sseaae 
WS Sete ae 1 Ley ct ah let alee 1 a eet Si aee sess LO9G| Ste asese 
NE ee Seetes ej} al a fod [egies es ees BAA Saaicar P|as8 170? |e ee 
LISSA e everest a 1 1 a ee Lorene teres Bea SII 1 ere eee 1 Ble 1 lyn ese 
NUS ee See 5 -L ---| Bete ltrs Baal eee iol! 3 ati oT eerie 
cae a ae aay este |e ales é Bee Nlore ee eee LOL Snes 
ilies 8 ees i] 2 i Veale alee E Agee 22s Sel St eee 
2D ese ae Ace oe ban al toe ee Neo ones alae Eyl ee epee 
Dhan Act ake | gee : Elisee Beeline Pilg eeesece = 
Ol Sasa seen | -}e--|---]--- 4 Spall eae £3.) | ane 
Totalwese: 12)| So NNe 2 eemI 5 ye 20 la 2 il 1 1|1|11| 1,420] 49,570 
' aa = = i |= —— i —— |! 
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TaBLE XXXIX.—Length of time spent in the soil by the plum curculio, Barnesville, 
Ga., 1910—Continued. 


Adults emerging in specified days from time of entering soil by larvee. Total 
Date larva en- Total| days 
tered soil. adults.} spent 
42| 43 | 44| 45 | 46] 47 | 48) 49 | 50| 51 | 52| 53) 54| 55 | 56 | 57 | 58 | 59 | 60} 61 | 62 in soil. 
Higgs 2 os a SS el Re ae fre ne (epee eel ese lapel ese teeth fetes aes bes bel lees tee (eta 
HO) acetate ed EE ae a Fo a | 
sae ee alk esr ee Me iy eee 
A sae ee =| \eeye aoe On|Ssceacn. 
| ed ere | Se See 5 Lo Epa, 
| a Rees Se Bue Tal Becerra 
| A eel aes a faee alle Shilo es eae 
ae eels | Bi ssa essed Cai ee oe Dee ane 
il dU SiN ee (eee ose ob deed lowe flbal Gealeee ae Pal eset 
aoa al Eells ENE ee a (sehen TAB sane 
leases SU elle Me wee ree (0): eens ie 
le 1 be ey || Fe Ta Mer eS 
2 1 eke eset el ane | en Le Suleseenaee 
Sat eal 
1 1)1 1 3 1 3} lle 106 | 3,317 
| ee er | ae a 
| | Salesee eee 
1 Be eee ene 
ee ee IRS te IE Seah abe lal soa |e 20 543 
Total for R Pas 
seas! ME) Osea Sa) ae ee 2) By ee eis 2 Se Ze eee Ee aE aR ey ib eafate sl) aes) 
Averaresimmespent imine eround during May. 2.228.522.5225 2222-2 - = == to ee Se eee Gays 34. 91 
Avercedime spent im theisround during June=:- 222-2222 22.--- e282 se - -  ae e e 0- 26. 00 
Average time spent in the ground during uly seme ee eRe Manoa e cates pBeec) eae serae do 31. 28 
‘Average (IDS SOAE itm TNS enol Chills INDIANS o sod - ode ee cok oocceaneoucseen-seeeeeeuoucce do 27. 15 
‘Average time spent in the ground during SERISO DUA A ea AAO See tn eens ee en ae eee eee do 34. 44 


In Table XL the totals from the foregoing tables on length of time 
spent in the soil are given for more ready comparison. The hori- 
zontal bars divide the period into weeks, beginning with the third 
week. The percentages of total adults emerging each week are also 
shown. Except in the Ohio records, which are perhaps abnormal, 
and the Georgia record for 1906, comparatively few beetles were out 
within three weeks from the time of entering the soil by the larve. 
During the fourth and fifth weeks, however, the great majority of 
beetles appear and by the close of the sixth week emergence has 
practically ceased. 
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TasLe XL.—Length of time spent in the soil by the plum curculio,; totals for all localities. 


Locality and date. 


Youngstown, N. Y.,| New Richmond, Douglas, Mich., | Washington, D. C., 
1905. Ohio, 1907. 1910. 1908. 
Days in soil. 
Percent: Perce Percent- Perera 
age oO 4 age 0: age of ‘ age oO 
ares beetles es beetles Hates beetles ee beetles 
ing. ee ing. eee ing. nae ing. poe 
weeks. weeks. weeks. weeks. 
0. 60 Balt 4000) cael! lle an 2 0. 63 
7 4 
16 2 
11 3 
14 8 
10 rays 23 
26. 89 5 60. 00 Be 2. 26 45 26. 48 
5 76 
hie Aree eee 92 
peso beser 48 
98 
83 | 
106 
G2R 54a ee aa nee eee ee 6 50. 85 78 51. 53 
16 87 
22 69 
32 53 
10 34 
19 26 
15 45 
ONO Til ian Se erate ee eee oe 1 37. 29 43 17.14 
10 26 
4 8 
7 9 
9 8 
ise ae 11 
1 5 
SGOT 2 ctrecrereteall clea eel lane veeae eens 8. 48 5 spew 
2 3 
2 3 
1 2 
cee es 2 
asebosese 1 
Hire ||| (ees esos 4 
SU AMomGteecdl mcaeuad ie Fees SSeS © 56: lee aces - 90 
se29sc0¢e 1 
1G eee ee es 2 
ein a 2 
Bey See ao tsk NSO) ames ere ot Bl Baril = Emo Vechten aye | ne Loo ea (ees See 
BS ONE ES oehl ae tr age 1 
fi ees as ee mer s|| (RR ae lak ee aes eM Ch aa ons eile end 2 
Pip ote) millifeeeo accel asosqcued sasaoscead|hooeosccsa ol yi «56° [Jos eerie eee acne 
Gee Not oe Na we at etl ee oe” 0 Wig eae, naar ae | ali Raa Bc | rece 
(TASER aie Aces iN | Feamep uence (fac ee tude tecnetA| oma eae MeN MA Syl [eh Te oc | 
Mo faleeseeecre: 30l 100. 00 75 100. 00 177 100. 00 1,114 100. 00 
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TaBLE XL.—Length of time spent in the soil by the plum curculio; totals for all 
localities—Continued. 


Loeality and date. 


Siloam SpUnES: ATK., Myrtle, Ga., 1906. Barnesville, Ga., 1910. 


Days in soil. 
Percentage Percentage Percentage 
Beetles of beetles Beetles of beetles Beetles of beetles 
emerging. | emerging, | emerging. | emerging, | emerging. | emerging, 
‘ by weeks. by weeks. by weeks. 
3 
4 
0.79 2 10. 62 0.06 
12 
13 
Al 20 2 
52 34 12 
62 2 16 
104 49. 49 45 69. 95 29 10. 01 
199 46 32 
207 29 24 
213 34 42 
211 24 43 
160 a 63 
116 10 61 
97 43. 58 8 15. 80 96 51. 02 
65 5 139 
74 }}- 5 189 
50 2 209 
24 1 165 
23 1 152 
18 2 128 
15 5. 47 5 2. 85 42 35. 91 
10 1 37 
AS ey Ue Metso rym eroepae ee 25 
3 [ 1 14 
ASN) AO eee be ee | fee cee 9 
Srl eae ceeds Cees || akecee teens [ peice tell ed gs ie 
1 2 3 
2 .67 1 78 6 1. 85 
Z| hnae nse Sek Po See as eee 1 
Se ETE A Eel || (eames a ist || Screens ets rate 6 
De eis laeeenscdass 4 
5 
1 
1 
pM Oe Bes ee PAP tox By | OHO SEMI Racal toe cect ats ae ie PEA aes Sal . 89 
3 
eS ae ate is 
3 emtneeee - 
Sein ts ARR | ea neti a ra tare eee a ee ak rs ee eg tS i - 26 
1 
il 
1,774 100. 00 386 100. 00 1,568 | 100. 00 


LENGTH OF PUPAL STAGE, AND TIME SPENT IN SOIL BEFORE AND AFTER 
PUPATION. 


The data on the length of time spent in the soil do not show the 
length of the pupal instar, since a few days are spent by the larva in 
- its cell before transforming to the pupa, and after the pupa has trans- 

formed to the adult, or beetle, a variable time is spent before the 
insect makes its escape from the ground. This latter period will vary 
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much, depending upon the character of the weather, whether dry or 
rainy. During periods of drought beetles appear to remain in their 
cells much longer than if the earth be moist or wet, as from rains. 
In fact, in orchards it has often been observed that shortly after a 
good soaking rain beetles were soon in evidence in large numbers, 
whereas previously they had been quite scarce. 

Some data have been collected on the exact time spent in these 
three conditions in the soil and are brought together in the following 
tables. Writers appear not to have investigated this point hereto- 
fore. The data from a practical standpoint are important, since dur- 
ing the pupal stage the insect would be likely to suffer most from 
cultivations. 


Taste XLI.—Length of pupal instar of the plum curculio and days spent in soil as larva, 
pupa, and adult, Washington, D. C., 1908. 


D Date of D ee a 
ate Date o ate larva! . 
Individual No larva | Date of | transfor-| beetle | stage |P@YS i Davee oe 
i ; left |pupation.| mation left before aa {oe ai a 
fruit. to adult. soil. pupa= | 22S ss ies sol 
tion 
| 
Meee ecient ay pe ep lean eee tee June 6} June 19} June 27 {| Jnly 5 13 8 8 29 
Dine Wks tne eine See eee see do June 18 |..-do- July 6 12 9 9 30 
a JON a RY a eee Stee do June s22)|eeadosee= Died 16 5 [Chen ee |e eee 
AiR ais eS ae ete ee ere do djobarey Wey EAC s seal diisihye 4) 12 9 8 29 
LS Yae Slaten Weer te at Ly Sten Be Se athe do June 19} June 29} July 6 13 10 if 30 
Site UNE Be ay te ee aa do Jume 18 |...do...-| July 8 12 11 9 32 
a al otk SOPs OD SER Nir sec ee do do....| June 27] July 6 12 9 9 30 
a ee See ae See ee + ee do June 22 | June 29} July 8 16 i 9 32 
Qe ee adsbad euseceseeeeeene do June 18} June 27] July 6 12 9 9 30 
0 Ves es Seah as NN ts Sa do June 19 | June 29} July 5 13 10 6 29 
Le Beas Rens See ee eee do June 18 }...do-..-| July 6 112 11 7 30 
BSD SS he cts ee een sce en June 9| June 24! July 3) July 11 15 9 8 32 
1B we eee see ioe oes Peete do June 22} June 30 |---do-- 13 8 11 32 
NAS aes Sehr eye soe Sse eens do S2d0e2|5--00 July 7 iS) {fe 8 7 28 
D5 Bas Je Res nee eer ee er do ==done .-do Edoee 13 8 a 28 
1G see ae cee ee eee eee do -do. July 1] July 6 13 9 5 27 
1 EY Meas RR STE IE 5 es do June 19 | June 29 | July 5 10 10 6 26 
TB) See a es eee 8 HOR Matias AS oa do June 23 |...do.- July 8 14 6 9 29 
Qe Se eee Ca aes anges do do.. June 30 Died 14 "TN a eee ee 
5710 mS Rete Ge TANG, BE Re aA ee do do July 1] July 7 14 8 6 28 
Pi Nite I St a RECN Sa A nn 7 do do -| June 29 Edoee 14 6 8 28 
GAN Sn ona tie tat vests Le aera do do June 30 !_..do-- 14 i 7 28 
Notaleaheescsseoes RPO Meena ee cE Ns as perigee ee ens 290 184 155 587 
Averacedon allan did dual Sse eee eee eee eee ee epee ese eee reeae 13.18 8.36 7.75 29.35 


From the table it will be noted that the average time spent in 
the soil before pupation for the 22 individuals is 13.18 days; the 
length of the pupal instar, 8.36 days; and the period occupied in 
the soil as a beetle before emergence, 7.75 days. The average time 
spent in the ground from entrance of larve to emergence of adult 
is-29.35 days. - 

These larvee were kept in large glass vials, the soil being a sandy . 
loam. Specimens were kept in an out-of-doors breeding cage in 
the insectary yard, at Washington, D. C., where the temperature 
would be somewhat higher than in the soil. 

Mr. Hammar made observations during 1910, at Douglas, Mich., 
on a large series of individuals, as detailed in Table XLII. 
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TasLeE XLII.—Length of pupal instar of the plum curculio and time spent in the soil as 
larva and as adult, Douglas, Mich., 1910. 


D D f D ee q 

ate ate o ate larva : 

Individual No larva | Date of | transfor-| beetle | stage Eevee ayes oer 
vat : left the [pupation.| mation | left the | before | PUPA | Decry | Cavs 
fruit. Ole, || Gols |} jorsqora || eS || ME SOEs || SORE 
tion. 

pete es 3 fee oka June 30 | July 11] July 26) Aug. 1 il 15 6 32 
Bon one.c be CERES Been Reese Gee do....| July 12) July 25| July 29 12 13 4 29 
Sebo. ses agCe lean eee July . 2 | July 13} July 27} Aug. 2 il j4 |. 6 31 
HAP eles homeo ke lene do....} July 21) Aug. 2) Aug. 7 19 12 5 36 
Go soe SASS Se Ree eet ce Juliva ets |ss2d0 = sala dOes= = AUS 0S 17 12 6 35 
Greene eet eect See cules dors.) July 22 | Awes 71 |) Aus. 5 18 10 4 32 
eatin ao 225 Saas Ss oleae COSeaeihes do....| Aug. 2} Aug. & 18 iL 6 35 
Ge eee oe anes aes July 61} July 20} July 30) Aug. 3 14 10 4 28 
Qoob Ske SRO ee eae Hee COocac|dieiy Bl jolla Salles loss, 15 9 4 28 
LQ). eS a an RE July 8] July 17} Aug. 1] Aug. 10 9 15 gi} 33 
LU es ce bee eee Seem real eee Wace s|| Uuilky UD || Awe 2 |e ele ss - 11 14 8 33 
UD, ee eee eee be do July 20) Aug. 3] Aug. 8 12 14 5 31 
13: 3 Se SUS San ee tee eee do...-| July 21] Aug. 1 | Aug. 10 13 11 9 33 
Taha i SCs oo ae a eoeeaes eeed es CO se a\\zcoCOs= Aug. 3) Aug. 12 13. 13 9 35 
ipsa see me ses bier wn |e do July 22 | Aug. 2 | Aug. 10 14 11 8 33 
TGs = SS Se Ne eee eae | O33 8-5 -GlOe. ug. 3 | Aug. 14 14 12 iit 37 
17) Se eS Ry ae een ae eae (eee GOenae see GOn ese pend Os aeeleATt oes alG 14 12 13 39 
UGS PONS ae 25 nooo a tue eee July 13] July 23] Aug. 8 | Aug. 13 10 16 5 31 
OR aie nteas ee een 2 ee do.-..| July 24] Aug. 9 | Aug. 15 1 16 6 33 
Dood koos Sas See Coe oe ane CO sec olloaeCOaasq|| ABR 7 |) woes No 11 14 9 34 
FANT os eS cee ee Possess |eaadOr Aug. 8 | Aug. 17 11 15 9 35 
US NS [ees ee ee B=done PEC Opa sala 20 Ose PAI Gea 11 15 a 33 
HS Sad ae ISOS ee BE Omer | ee Ome | Sea O meee PARTIC 11 15 8 34 
Be bee ee eae eee -.do. esd0=s Aug. 9 |.-.do...- 11 16 7 34 
2B). od oSe GeO as eee nae Oe --do.. =dore INGER ST Co KS ae 11 14 9 34 
UO. s So os aa ae Oe S.dOee B= dOnss|5- 20M rls 2c0e 11 14 9 34 
Pl Se SoC Bete Se eee --do. Pad Oeste | send Ome | head Oner 11 14 9 34 
DOs Lee soe a BeOS ae eae Be Os | eel Orel | PANT CH Sele AtiTOngaliey 11 15 7 33 
G0). «ace SNe eee eadore sAOMssca|enaOOs Aug. 16 11 15 8 34 
FA ee Se oa ore rm Nevatte Ss eador- --do....| Aug. 9 | Aug. 17 11 16 8 35 
Gil oa znt SESE Reeee eee eee OO 556 5|-sCOoeee|| NS, Se .e6Wsec2 11 15 9 35 
Bs no oo a ee eee Be) Opens | ee CL Omeee edopee alee dO a2 a8 15 9 35 
Bin Gace soae Cen EEE eee SEO neers (aes do.. Aug. 4] Aug. 15 11 11 11 33 
8 { ® fal) 15 8 34 
=e 12 14 9 35 
9 12 15 9 36 
Ss 12 15 9 36 
12 15 8 35 
12 15 8 35 
12 15 if 34 
12 14 4 30 
12 14 5 31 
12 14 10 36 
12 14 6 32 
12 15 th 34 
12 15 5 32 
i 16 oe 33 
12 16 8 36 
12 15 3 30 
2 15 8 35 
7 19 10 36 
13 14 3 30 
13 15 8 36 
13 15 3 31 
19 15 ih 41 
10 16 7 33 
10 16 8 34 
10 15 8 33 
10 16 8 34 
10 16 6 32 
12 14 8 34 
12 14 8 3 
12 14 8 34 
13 12 6 31 
9 14 6 29 
9 14 5 28 
10 14 5 29 
13 i 5 29 
BICC ict aarp in tet een e essa Ale ae aa cae Sees Seiten ao ee Sere 818 960 485 2, 263 
AMER eHOnalimGiva GuUalsSse s+ osteo cSes = eetee= aah ean os eese le 12.03 | 14.12 7.10 33. 28 
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These individuals were also kept in vials under out-of-doors 
conditions. ‘The average of the 68 examples for the time spent 
in soil previous to pupation is seen to be 12.03 days; for the pupal 
stage, 14.12 days; and an average of 7.10 days was spent in the 
soil before exit of adult, after transformation. The average of 
the total days in the soil for ail stages is 33.28 days. The range 
in time in soil before pupation is from 7 to 19 days. The range 
for the pupal stage is from 9 to 19 days; and for the beetle in the 
earth, 3 to 13 days. The entire time spent in the ground varies 
from 28 to 39 days. 

Similar data from Barnesville, Ga., obtained during 1910, are 
shown in Table XLIII. Records for 38 individuals were obtained 
from May 20 to July 11, when the last beetle left the soil. The 
insects were piaced in glass-bottomed boxes containing a shallow 
layer of sand and kept in a dark box under shade out of doors. 


Taste XLIII.—Length of pupal instar of the plum curculio and time spent in the soil as 
larva and as adult, Barnesville, Ga., 1910. 


Days in 
Date | Date of ate ot Date lary a Daysin | Daysas | ‘Total 
Individual No. larva left} pupa- neh aon beetle left eens pupal beetle days in 
fruit. tion. | +5 beetle. the soil. 8 pupa- stage. in soil. soil. 
tion. 
Te ena oe eens aoe May 20| June 5 | June 14} June 20 16 9 6 31 
Dis GAN et RS: 40h a Be Sea do.. June 7] June 17 | June 22 18 10 5 33 
Dic ees ae nee ele ke eee .do....| May 31] June 8] June 14 11 8 6 25 
ADR ie ee ae eee done June 3] June 13} June 19 14 10 6 30 
Beeler ey os Ree .do.. do....| June 12 | June 20 14 9 8 31 
(Rater eee Sheen oe Ses nee -do.. do.. June 13 |...do 14 10 7 31 
Tea See ee ee .do....| June 4] June 14 | June 21 15 10 a 32 
ha ISS Se Aan .do....| June 5} June 15 |...do-..-- 16 10 6 32 
(OMe Ses ae ar .do...-.|/...do...-| June 14 | June 20 16 9 6 31 
TOS se Oe a ee GOs es clee 6a June 15 |...do-....- 16 10 5 31 
UD eaten ee Se op eee oe doeeeeieedos June 14] June 23 16 9 9 34 
1D ete I py a A See GOs selec odo June 16 | June 24 16 11 8 35 
13h ete ieee AL GOs. ea) dive” @ 2 sGlo.stoe June 21 17 10 5 32 
1A is Soa ry a May 21 | June 3] June 11 | June 20 13 8 9 30 
TUS ie oes pete eeeate re Ye Soe do....| June 8 | June 18 |} June 24 18 10 6 34 
Gee ee Vee do June 91} June 19 | June 25 19 10 6 
eo = ei ee do June 12 | June 21 | June 27 22 9 6 37 
1S eee ae ey a ee do....| June 16 | June 25] July 1 26 9 6 41 
RQ Ste hie Bape eee do.. June 17| June 26} July 2 27 9 6 42 
QO Ren Gy Roe he eee June 4 |..-do....- June 25 | June 29 13 8 4 25 
2G oye ROS Mase ONE June 7] June 25! July 3) July 6 18 8 3 29 
SPAS een nae SSMU BNE rae do.. June 26 | July 6] July 11 19 10 5 34 
a Ye eee ea NA ea ee June 8 | June 27 |..-do...-- July 12 19 9 6 34 
DA eer SINR sae eae (0) June 28; July 7/| July 9 20 9 2 31 
DES SL ade SOEs Leeda do Lado eee 5 WOsasee July 14 20 9 7 36 
DG eCP aise spe Se June 10} June 25; July 4] July 9 15 9 5 29 
DUB RU ase Seo ie June 11 | June 23 | July 1] July 7 Wy 8 6 26 
DO aren ae Se er eras GOs 54\22-Co July 2 dome 12 9 5 26 
DORE cit anh na a Nee donee do doe L@O= - 12 9 5 26 
SOD Ea aOs Be Airs SoBe a June 12 | June 25 | July 4/| July 10 13 9 6 28 
BM ee ei dea Re oss Oe Oaccullbandloe se clwaClos Edons 13 9 6 28 
SP Ses eae meen Sere [SsK ClO) SedO eee ae Gore July 8 13 9 4 26 
oS Peseta chalet acd 2 do June 28 | July 7| July 11 16 9 4 29 
BA as Sea eae June 13 | June 27 | July 6] July 10 14 9 4 27 
SS a Ses 2 do BOO. Se|ss Ce = O55 14 9 4 27 
BGs see ce ae eemere do do. Pa adOse do 14 9 4 27 
Bsc ce Bee ee eee do do |Saadors July 11 14 9 5 28 
NG) epee eer a A el ee ee ee mentan ella aa amas. 595 340 208 1,143 
Averages for all indi- 
BAG KU Us Keele eee er eo SS | hk ere ee ree Res ae 16. 08 9.18 5.62 30.89 
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These figures show interesting differences from the Michigan 
records. Thus, the average number of days for all larve in soil before 
pupation is 16.08, as against 12.03 in the Michigan records. The 
average length of the pupal stage at Barnesville, 9.18 days, is notably 
less than shown for Michigan, namely, 14.12 days. However, adding 
together the average larval and pupal stages for each locality shows 
these sums to differ by only 1 day, the lengthening of the larval stage 
in the ground in Georgia being offset by a shorter period in the pupal 
condition. In the Georgia records the average time spent by the 
adults in the ground before emerging is 5.62 days. The average 
time of the 37 individuals spent in the soil is 30.89 days. 


DEPTH OF PUPAL CELL. 


Great diversity of opinion was expressed by the earlier writers as 
to the depth to which curculio larvee entered the soil for pupation, and 
no very accurate observations on this point seem to have been made. 
Riley states that they go below the surface from 4 to 6 inches, and 
remarks that he never found them deeper than 6 inches. Riley and 
Howard, writing in 1888, state that the larve seldom burrow to a 
greater depth than 4 or 5 inches. Other writers say ‘‘a few inches,” 
‘2 to 3 inches,” “‘a short distance,” and one states ‘‘15 to 36 inches.” 

Prof. Crandall was perhaps the first to secure exact data on this 
point. In 1903 observations were made on the depth of pup in 
ground, including 78 individuals secured under natura! conditions 
under trees in orchards, 79 from bottomless soil boxes, and 22 from 
breeding cages in the laboratory—a total of 179. In 1904 data were 
obtained on 645 individuals, 24 by digging earth under trees, 298 from 
soil boxes, and the remaining 323 from iarve pupating in the labora- 
tory. Using the records for both seasons obtained under out-of-doors 
conditions—that is, under trees or in soil boxes, sod and cultivated— 
we find that of the total 482, 336, or 69.70 per cent, pupated within 
1 inch of the surface, and 475, or 98.54 per cent, within 2 inches of 
the top of the soil. 

Prof. Crandall’s laboratory records do not show important differ- 
ences from those obtained out-of-doors. Some individuals pupated 
at a greater depth, as 8 at 3 inches, 1 at 34 inches, and 2 at 34 inches, 
as against 1 at 24 inches, 3 at 24 inches, and 3 at 22 inches, under 
out-of-doors conditions, due perhaps to a greater dryness of the soil 
in the laboratory. 

Messrs. Girault and Rosenfeld, in Georgia, in 1906, obtained 
records on the depth of pupation of 121 larve under natural out-of- 
doors conditions, the soil being a sandy loam. One hundred, or 
82.64 per cent, pupated within 1 inch of the surface, and all, or 100 
per cent, within 2 inches. Other records on depth of pupation in the 
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same soil in the laboratory do not differ essentially, though 5 larve 
went to a depth of 24 inches, oneto 24inches, andtwo to3inches. The 
above figures are better shown in Table XLIV, which includes also 
records on 40 larve at the insectary in Washington, obtained by use 
of a soil box, under natural conditions, the soil being a sandy garden 
loam. 


TaBLE XLIV.—Showing depth to which larvx of the plum curculi enter soil for pupation, 
various localities. 


Pater arbre ieee leer eiee tc): | 
Localities. co us| us| Hel S) ° 3) Es} iS) 3) 3) z= 3) 3) = 
ef Sog 8 1s |) esol (ee) Se 
oh ae Ge a) nt dia onl sr dit nin colt i) ris! nin 
He Ha colt = = ri = ro] a nN ro) on) on Cn) ‘= 
Tilinois: 
OOS eres Rascal ee 45 55 40 | 19 16 3 nhs eee res I ele |e Som ell - si 3 179 
L904 ace 48 137 100 91 50 EN BD |) i 14) 15 12 ts) il 2 645 
Georgia: 1906...-- 34 61 34 21 23 ite 17 10 5 Ha ea Pyaar ees tees Pal) 
District of Co- 
lumpia: 1905.... 1 3 7 7 10 6 PA estes 1 Wee 2k Sa ees 40 
Motalseeecaes 83 246 196 159 | 102 110 |. 61 62} 20) 17 12 12 1 2 | 1,083 
Percentages... .-- 7.66 |22.72 |18.10 |14.68 |9. 42 |10.16 |5.63 |5.73 |1.85 |1.56 {1.11 |1.11 |0.09 |0.18 100 


Of the total of 1,083 larve, 684, or 63.16 per cent, pupated within 
1 inch of the surface, and 1,019, or 94.09 per cent, within 2 inches of 
the surface. These figures show that the great majority of larve 
pupate comparatively ciose to the surface of the soil—within a dis- 
tance of 2 inches—a fact to be remembered as bearing on the possi- 
bility of destroying the pups by timely and proper cultivations, as will 
be later discussed (p. 176). 


SOIL CONDITIONS AFFECTING TRANSFORMATIONS OF THE CURCULIO 
IN THE GROUND. 


Probably no one natural factor, aside from abundance of food, 
exerts a greater influence upon the welfare of the curculio than the 
condition of the soil during its occupancy by the insect, especially 
the degree of moisture. It is a matter of common observation that 
the beetles may long be retarded in their appearance from the ground 
by drought and that after a soaking rain they will come out literally 
in swarms. The necessity for adequate soil moisture for their suc- 
cessful underground transformations and their emergence is doubt- 
less the most important single influence which has prevented their 
spread into the arid regions to the west. As shown under the head- 
ing of geographic distribution, the species has not extended its range 
much west of the one hundredth meridian, which marks, in a general 
way, the beginning of the arid region. 

Some experiments have been made at different times, but espe- 
cially during 1910, to secure data on the influence, on the transforma- 
tions of the insect, of different kinds of soil and of normally moist as 
compared with dry soil. 
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In Table XLV are shown results from three root cages. In the 
first the soil was kept normally moist; the second one was moist at 
the beginning of the experiment but was allowed to dry out; in the 
third cage the soil was dry at the start. June 4, 20 larvee were added 
to cage I, 20 to cage II, and 12 to cage III. 


TasLE XLV.—L fect of moisture on transformations of the plum curculio in the ground, 
Barnesville, Ga., 1910. 


Date é : 
; Life of | Date of Life as| Total 
No. of larvee Date of Pupal| Adult Sia 
Treatment. a larvee | transfor- : adult | life in 
Jarvee see pupation.| in soil.| mation. stage. | left soil. in soil. | soil. 
Days Days. Days. | Days 
aa oe 2 June 4] June 14 10 | June 9| July 3 10 29 
Deepest Osaerlleac downs: 10 | June 22 8 Osseee 11 29 
Ou soneee ECOnsealee donee 10 | June 23 Ot pawn Fett eee Ney | ae semen 
Cees -do eedosaee= 10 Goee-s: 9 \July 3 10 29 
Oeeeeesa re a : -do June 15 11 Gossess 8 | June 30 7 26 
Ghee ss . ea OsexelaecOWes eae 11 | June 22 CE (EES ete me Neier ra one [at eas 
Hoe Senna idos al: do... 11 | June 23 3 | June 29 6 25 
Sloe = hs! OS _..do....| June 16 12 | June 24 || disly il 7 27 
Oars eee do June 18 14 | June 26 Sf eee COreee= 5 27 
HOPE ccee do seOlOJ see 14 Glt)-Sbe5 8| July 4 8 30 
ile ore do June 19 SA bo Hh (em em C232 aes em ek | ray eee Lee oe 
Leone do June 20 16 | June 28 S| rdiutlivanne es 9 33 
Pees do July 3 29 | July 11 Oi \Soo paseo eclace devas taascens 
1 eee ERO Galea ea le stains rao eis exe ee iV GWiee saber sees HOG eosenuess 73 255 
PART CT OOM eaten | a iepe aa | eee te IGL a) |eecusauass Chellis | fae eee 8.11 28.33 
June 4] June 13 9 | June 22 Gli t aN ee io Will eins mile ace 
do BOOES == 9 dose Oy ears | So asia) nieces 
Re EE Om eee CLO ner ONesad ore a0 9} July 4 12 30 
.||At start soil nor- ||...do....| June 14 10 | June 23 OIG ges Se ariel eee (Ns eens 
mally moist but |} -. : 
allowed to dry 
out, 
HOPE Ge Motaliee neces 
Average. .... 
z + nee ae \soil entirely dry... 
DFS es RO tas wes hee omen te) 
JGR sl Boeeeeeeee 


As will be seen, 13 larve in cage I entered the soil and reached the 
pupal stage; only 9 adults, however, emerged. In cage II, 10 larvee 
passed the pupal stage, but only one adult succeeded in emerging. 
In the third cage most of the larvee were unable to work themselves 
below the soil to any extent on account of dryness of earth, and by 
June 13 several were found dead, evidently drying up. Only two 
individuals reached the pupal stage, and no adults emerged. | 

A series of observations was started on larve placed in soil in jelly 


glasses, as detailed in Table XLVI. 


90 THE PLUM CURCULIO. 


TaBLE XLVI.—E fect of moisture on transformations of the plum curculio in the ground, 
Barnesville, Ga., 1910. 


SOIL KEPT NORMALLY MOIST. 


Per cent 
an Beetles Average gi 
Jar No. Larvae. emerging. | time in soil. ae natn 


ROGERS 8 SSS See lett ee eo ere lan Senate ee creer toe 58 18 | ..2.2.5..4c0-2 as Pete eeee 
IP OLCON TAR CY sees en ee cece rafeie) oe cis emcee ea resetke mie evaie ll Slerehe clots Shera eretavel sfetshe rece ete 31.03 
SOIL DRY 

1 0 ee oe ane een eae SE REAm ECS ae noe ecm ares 13 None.. |. 52'5..c ee see | Eeeeee eee 
D UN pc eet tO pecs te ne a SCE rm SOA SEE ere 10 None...) - 3.25 cece le eee eee 
A ae re ne a IN ernest a mete ae en eh peers 17 None. \|-2.3 04506. e084 See eee eee 
1 Oe OR eee ra Oe a en OLA ia 5 ty a eS REE 5 SERRA & 9 None. |) 22625252 cee re ese Eee 
ey Ra Sle ean op cai ator per ae mE Cre cre saya eye eee 1 None...) 52 22524c85-5| Pepe eee 
OCA 5 Sei ee ae Stein ee es ee oer o mete re ee ge (cit Al ene ee en Sct sec 
Percentage acc o2...6 oe Aske edine Sede eh Pees ye nies |e baie pe eeeell: Soe seh ee es eee eee Eee Cee 


1 Soil watered 34 days after entering of soil by larvee, 9 more beetles promptly appearing. 
2 Soil watered 36 days after entering of soil by larvee, one beetle appearing the following day. 

In the series of jars with normally moist soil, a total of 106 larve 
was used, ylelding 96 adults, or 90.56 per cent. In jars where the 
soil was allowed to dry out, and without further watering, a notice- 
able decrease in the number of adults emerging is shown. From a 
total of 58 larve only 18 adults, or 31.03 per cent, developed. Where 
dry soil was used no adults whatever developed from the 61 larvee 
used. 

Four wooden boxes, 10 by 12 by 8 inches, were used in a more 
extensive test. In two of the boxes ordinary Georgia red clay was 
used, one being kept moist, while the other was dry but was subse-_ 
quently watered as stated in the footnote. In the other two boxes 
a sandy loam was used, one being kept moist and the other dry. 
The soil in all boxes, however, was moist at the time the larvee were 
put in, to enable them better to establish themselves. The boxes 


were covered with wire screen and kept out of doors protected from 
the sun. (For detail, see Table XLVII.) . 


N 
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TaBLeE XLVII.—L£ fect of moisture on transformations of the plum curculio in the ground, 
Barnesville, Ga., 1910. 


Red clay moist at | Sandy loam kept |S@2¢yJoam moist at 


eo start but allowed normally moist oe sa ae 
Taree ‘Aug. 6-9). to dry out (245 (280 larvee, Aug. eee Nie, 0s 
. Dates of emergence of pie Ss Jarvee, Aug.6-9).) 10-13). spears 


adults and parasites. 


Acute) eee eg | Maatice |e a al Acts. te" | Aduttsn | Bats 


Rotalesece ss 163 30 78 2 164 32 6 13 
Percentage. ..-- GoeOO meee OS CHINE ee eoeeee SehOY Issesooscod MWS) acooscons= 
Percentage adults 
and parasites emerg- 


THN 3 senate cooeaeden 78.13 32. 65 70. 00 6.90 


1 The soil in box had dried so hard that it was considered impossible for any beetles toemerge. To deter- 
mine the effect of wetting, water was applied on the evening of Sept. 6. The record shows the prompt 
emergence of the beetles. 

In the case of the red-clay soil kept normally moist, 65.99 per cent 
of the larve transformed to adults, or if account be taken of the para- 
sites, 78.13 per cent. From the box containing dry red clay soil it is 
highly probable that not a single adult would have been able to escape 
without the thorough soaking given on September 6. That many 
beetles were still alive is shown by the prompt emergence of 67 the 
day following, and 11 more during. the next 3 days. The effect of 
drought on this type of soil is also shown to reduce emergence of para- 
sites. A total of 32.65 per cent of the individuals in this box are 
accounted for as beetles or parasites. 

From the normally moist sandy-loam soil 164 beetles developed and — 
_ 32 parasites, giving a total percentage of individuals accounted for 
of 70 per cent as compared with the emergence record of 6.90 per cent 
of the dry sandy loam soil. 
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From all of the foregoing data it is clearly shown how important is 
moisture for the transformation of the curculio in the soil. In general, 
no adults issued from a dry soil, and in a soil moist at time of entrance 
of larvee, but allowed naturally to dry out, the number emerging was 
ereatly reduced, from 88.23 per cent to 27.94 per cent, as compared 
with condition of checks. Dryness does not appear to affect the 
length of the stages, as the average days spent in the soil of individuals 
of both series is about the same. As shown in Table XLV the mor- 
tality seems to be largely after transformation to the beetle stage has 
occurred, if the soil was moist at the time the larve entered. 


THE ADULT. 
PERIOD OF EMERGENCE OF BEETLES. 


As elsewhere shown (p. 48) oviposition extends over several weeks, 
or even months. It follows that the beetles resulting from the eggs 
will emerge during a similar interval of time, and this period may be 
considerably modified by the condition of the soil, as whether dry, or 
sufficiently moist to permit the prompt escape of the beetle when suf- 
ficiently hardened. 

Records of the emergence of beetles during the season, as obtained 
from the larval emergence records detailed in Table XXII, are shown 
in Table XLVIII from Barnesville, Ga.; Siloam Springs, Ark.; Wash- 
ington, D. C.; and Douglas, Mich. 


TaBLeE XLVIII.—Emergence from the soul of beetles of the plum curculio during the season, 
several localities. 


Dates of 
emer- 
gence. 


Siloam |yaching.| Doug- Dates of 
BEIEAES Springs, Wastin las, emer- 


ville, Ga.} “"y nye? |ton, D.C.) arich, gence. 


: Siloam = 
Barnes- Springs, W ashing- 


ville, Ga. ‘Ark. ton, IDAKCH Mich 


July 


1 
2... 
one 
4... 
Sra MeSe Bee COS 12 GO ee ese 
O55 
Wise 
Sane 
Ohh 


Total. 1, 407 1,045 Gi | earns oe 
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TasLe XLVIII.—Emergence from the soil of beetles of the plum curculio during the season, 
several localitees—Continued. ~ 


Dates of : Siloam -_,,| Doug- || Dates of nog. | Siloam F Doug- 
emer- ae Springs, eee las, emer- anes Springs, esas ee 
gence. ee ADC. yO || Iola gence. gecesi Aur ic POSH Non 

Thy ees baeeeeese il Gl ee see Sept. 1..-- 16 DN pera eat bye sesoete 2) 
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Ol. su| hoarse KeEeeeeeee 1s |e ae Sees 5 | ese Se Be al eet ers 

4... Bie eats eral |stats eet eee ee 
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Os65 Od eae Ramer ss ace anal sicero cts 
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Dacia ee 4 10 3 Bese Pope. cies h sort | ane ate |e eae To oe 
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Barra nes Se 1 4 3 gL pa [ es ACN Orel enc aeaese ae [eer es en ea 
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Wee. 2 1 1 6 AGS Seal a ede Le reco ye tere hea | SCRE 
ilies oY A ea 1 6 Were i rectors oats spins | ea mene a 
12... 5 Olt a ween 3 IVS PANS A aie ele Sed oe tpl gat et 
iB} 3 2 SO Bees. calc 10 ieee OS} | Sete ga ape ie [Dae gem a et ae 
Ides 3 HOM [See eee ce 6 AD)sioe TA Se | is aay ye el Noche 
ase alt Sih Psa Sale a 4 Pall esearch eae ba Rg || Rhe 
W.- 2 Oh Weiler Seip 6 eM ee eared BSS BE TPR 3S fe Min ES eh 
17.. 3 31 3 3 ote || eave ans all Be Reece eV AID, ok eS Rell cry ae at 
See 4 DD) Ee stress 4 PS Se || SVS Elec etna Ls oor RSE ae oll Se ta | eer a 
19_. 6 12 4 2 PADS Goss | ACE SE SORE SE een | Snel eats ela | Aer ees, 
20. . itil A AMIE Sra erates cies 1 PGR! Sasa See Sass Oe ee Eo Cee Ee es EBeme ae oe 
ile 3 9 4 Alfa che De ee ctes el eae SIDR E Sah Zee | apa a 
22... 5 WSs \ Slee cet sas 2 28.52 Ze) | Peer pete LGR > AS ante aS) Be et pee 2a 
23... 29 Gul Sorc eses 1 = 

24... 5 Dile seas nos el pase Total. 82 ON eae celeste aes 
2B. CH per merece All Rewer aS hark Re = 

26eere 16 Swear tect soca nas : Total 

USES TGS SR or Se eater ene | ead A for 

Sense 3 CI ee eae a epee ae sea- 

29.25. LS Were sae Sel emaptiscem sales. esc. son. 1,718 1,803 1,510 102 
Wess PHLE hc ei eee Net RAS Me LE 
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The data do not show the entire range of time over which beetles 
may emerge from a given locality, but they indicate about what hap- 
pens in a particular orchard. Later records could doubtless have 
been gotten had other fruits been used as a source of larve, after the 
gathering of the peach crop. | 

The Barnesville, Ga., record is perhaps the most nearly complete, 
since at that place there is little fruit available for the curculio after 
the harvesting of Elberta peaches. This record shows an interval 
from June 6 to September 28 during which beetles were emerging— 
a period of 114 days (see fig. 21). But from larve from some late 
seedling peaches beetles continue to emerge up to November 9, 
giving a total period of 156 days. Only the cold weather prevented 
still further emergence, since on November 10 there still remained 
in the soil fully matured adults as well as many pupe and even a 
few larve. These were from a batch of 107 larve from seedling 
peaches, the last to be secured. The larve left the fruit September ~ 
18 to October 15, and 15 beetles emerged October 19 to November 
9. The soil in the box was examined November 10, when there 
were found 6 beetles ready to emerge, 28 live healthy pupe, 5 live 
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larve, and 1 cocoon of Triaspis curculionis, var. rufus. It thus 
appears possible that some few individuals may pass the winter in 
the soil, both in the adult stage and as pup, and emerge the follow- 
ing spring. 

During 1905-6, at Fort Valley, Ga., adults were reared as early as 
May 22 and as late as October 5, an interval of 136 days. In this 
case the food for the late rearings was Cratzegus. 
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Fig. 21.—Diagram showing normal emergence from soil of beetles of the plum curculio for the season - 
at Barnesville, Ga. (Original.) 


At Siloam Springs, Ark., the interval of emergence, June 11 to 
September 3, includes 84 days. Later miscellaneous records of 
emerging adults reared from apples, however, were, up to October 
23, giving a total emergence interval of 134 days oe fig. 22). 
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Fig. 22—Diagram showing normal emergence from soil of beetles of the plum curculic for the season 
at Siloam Springs, Ark. (Original.) 


The Washington, D. C., records show an interval from June 25 to 
August 21, 57 days. Other miscellaneous records for that locality 
give adults as early as June 15 and as late as August 30, or 76 days. 
Unquestionably adults are emerging even later, 
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The Douglas, Mich., records, as pointed out for the larval emer- 
gence data, are manifestly incomplete, especially as regards the latter 
part of the season. They do, however, show the emergence of 
beetles from all larve from peaches regularly collected throughout 
the season, as previously shown. The interval here is only 23 days, 
from August 1 to 23. 

Incomplete records from Youngstown, N. Y., give for the earliest 
beetles July 18 and the latest October 6, a period of 80 days. 

At North East, Pa., the first emergence was noted July 15, and 
beetles were reared in confinement up to August 21, and unques- 
tionably appeared much later. The period observed, however, is 
37 days. 

In Illinois, as stated by Prof. Crandali, earliest beetles were reared 
July 17, and continued to emerge until November 7, a period of 113 
days. His observations were made on apple, on which fruit the 
insect would have opportunity for late egg laying, which would not 
be true in the case of peaches and plums in the South. Unquestion- 
ably the Illinois records more nearly show the period of emergence 
for the Northern States where suitable fruit is not at any time 
wanting. The above data are shown below in tabular form. 


Period of emergence of beetles.” 


Days. 
iS conia  Wava2 TOON OVS Oe cs cee s0 ts sj. obs eee ea as 171 
acme une dilto Oty aoc o6 oc oe cad Ase bee's SoS ele Des 2s 134 
Disiznict of Columbia—June 15 to Aug. 30..............2.......-.. 76 
Aepeemns aa A eM ORATION AG. hoe ee es Lee a! 23 
eae Cork—iilty PScto OCteGs i ae: FS oe Nase oy ee ee 80 


A iran dally ales atbOeN Oeil = 22> sa Se es cis Scale de een sede oS See 113 
PROPORTION OF SEXES. 


The proportion of males and females was determined at different 
times, with overwintering and newly emerged adults. 

In a lot of 80 beetles reared in confinement at Washington during 
June, 1905, 30 were males and 50 females. In another lot reared as 
above, 21 were males and 45 females. Of 140 adults jarred from 
trees in May, 1905, at Arundel, Md., and hence overwintering beetles, 
70 were males anid 70 females. ; 

At Myrtle, Ga., in 1906, of 200 beetles jarred from trees May 14 to 
21, 83 were males and 117 females, and of those taken May 22 to 30, 
‘73 were males and 107 females, a total of 180. One hundred beetles 
reared from various fruits during May and June gave 51 males and 
49 females. In a lot of 175 beetles reared from May 28 to August 
12, 81 were males and 93 females. In a lot of 840 beetles jarred 
from peach at Fort Valley, Ga., in 1905, 339 were males and 501 
females. 
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Considering the proportion of sexes of those reared, there are found, 
of the total 681, 306 males and 375 females, a percentage of females 
of 55. 

Of those jarred from the trees and which had thus passed the winter, 
there is a.total of 1,180, of which 688 are females and 492 males, a 
percentage of females of 58.3, showing a slight increase in mortality - 
during winter of males over females. 


CHOICE OF FOOD BY CURCULIO. 


Practically all writers agree that plums are the preferred food of 
the curculio. Under orchard conditions, where several fruits are 
present, as apple, plum, peach, etc., taking the season as a whole, 
the plum is perhaps somewhat more injured than the others. Varie- 
ties of plums, especially Japanese sorts, are early to develop fruit, 
and consequently are first attacked by the beetles, and on these 
they seem for a while to concentrate. With the development of 
peaches, apples, and pears, these are also attacked for feeding and 
ego-laying purposes. In general, however, it is undoubtedly true 
that plums are the favorite food of the curculio, and are also pre- 
ferred for oviposition places. 

Attempts have been made to obtain data on the fruits preferred - 
by the insect by supplying beetles with various fruits at the same 
time. 

Tests were made by Mr. Girault, May 17, 1905, in which 5 fruits 
each of plum, peach, quince, and pear were placed in jars and each 
supplied with 10 curculios. Upon examination, May 20, 72 hours 
later, results were as follows: On plum, the egg and feeding punc- 
tures were so abundant as practically to cover the whole surface of 
the fruit; on peach there were numerous punctures, but they were 
less abundant than on plum; on pear there were no punctures on 
fruit, but a few were on the fruit stems; on quince no punctures were 
seen on fruit, but a few were on fruit stems. Expressed in percent- | 
ages of injury, plum would be 100, peach 50, pear 10, and quince 10. 

Mr. J. H. Beattie placed 100 beetles in a jar containing foliage of 
peach, plum, pear, and quince. Two days later peach leaves had 
been riddled by feeding; plum leaves were moderately eaten; the 
quince showed a few ome marks, while the pear foliage hed not 
been touched. 

June 7, 1906, 12 beetles were confined with two large Elberta 
peaches and five wild plums. After 12 hours, punctures were noted 
as follows: On plum, egg punctures 37, feeding punctures 30; on 
peach, no feeding or egg punctures ao. 

April 23, 1906, 15 curculios were confined under a jar with three 
fruits each a apple, peach, wild plum, pear, and cherry. The results 
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gave a preference of fruit, as shown by feeding and egg punctures, 
in the following order: Apple, peach, plum, cherry, and pear. 
Further data are given in Table XLIX. 


TaBLE XLIX.—Attractiveness of different fruits to the plum curculio. 


Lot I. Lot II. Lot III. Lot IV. 

Punctures. Punctures. Punctures. Punctures. 
Mic SS | Ds | | DOS | OS 
Apple. | Peach. Apple. | Peach. Apple. | Plum. Apple. | Plum. 
May 1...- 5 5 | May 13 10 10 | May 20 5 5 | May 28 5 5 
Ziel 9 11 14 10 11 1 9 11 29 10 10 
Sejee 13 7 15... 8 12 22m 12 8 30. . 10 10 
yaaa 13 ‘di 16... 11 9 BB 12 8 31.. 5 15 
Dee 14 6 17 11 9 24. 12 8 | June 1 8 12 
Greed 13 7 18 11 7 2os 10 10 2 13 us 
Nisis\= 17 3 19... 10 10 26... 8 14 ole 11 9 
Boks LON Eee 27... 7 3 4... 5 5 
Total. 94 46 Total. 71 68 Total. 75 67 Total. 67 73 


A total of 165 punctures is shown for apple, as against 114 on peach, 
and a total for apple of 142 against 140 on plum. 

The preference of the curculio for smooth fruit is shown by an 
experiment by Mr. Girault in 1906. In a jar were placed 20 beetles, 
8 males and 12 females, which were supplied on several successive 
days for four-hour periods, with 3 normal peaches and 3 peaches 
from which the fuzz, or pubescence, had been removed. The results 
are as follows: 


TaBLe L.—Showing preference of plum curculio for smooth versus fuzzy peaches, Myrtle, 


Ga., 1906. 
Normal, with pubescence. Pubescence removed. 
Fruit 
Dates. No. Egg Egg Feeding Egg Egg Feeding 
punec- j|punctures| punc- pune- {punctures} punc- 
tures. |witheggs.| tures. tures. jwitheggs.| tures. 
IN pi 20 beeee sae ase sec ee secs ssi I. eke Seadoo eee 2 16 13 2 
PAD) aS ee Cees Re en 2 1 1 2 15 9 4 
20 Rees eae yee seuss Oy | Rees eal eon we eS 4 il i 3 
ep ee eas ae scare ee Als) |Past eed [Nee Er RL eR Oy 1 1 5 
PAIS Bd cs NO ce fy Ce S| ie eee erat bee eee il 10 2 
Pale Celeste res eee rep ees CS) [ieee pears ear ls rece sea omme 1 13 12 6 
DR aS ste cence ias ee ne UE EGR se es eee 1 il 10 9 
eae pats ie Ses Se Tc | Se PeNe woes a |S Lm Sp all oe 2 13 11 7 
Pini cache et em BOE er eee eee Sma Renee nee 1 8 8 5 
DRE cine at Je cinc,s Sods 10 2 1 3 4 3 5 
ete ood Cee ae aisle GLASS | Bes sees sl eee ee se 1 9 9 5 
SRNR ey tae ets sie ee 2 TI (es ae See eee 3 4 4 3 
Zins yaa ene ae a Ee 3 2 20 116 | 97 | 56 


A total of 3 egg and 20 feeding punctures is shown on the normal 
fuzzy fruit as compared with 116 egg punctures and 56 feeding 
punctures on fruit from which the hairs had been removed. 
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EXTENT OF FEEDING OF THE RESPECTIVE SEXES. 


The extent to which feeding is done by the respective sexes of the 
eurculio during their lives is shown in Table LI. Individuals of 
each sex were separately confined and each beetle supplied daily 
with 4 wild plums, examinations of the fruit beg made daily. 


Taste LI.—E£xtent of feeding of each sex of the plum curculio during the season, Myrtle, 


Ga., 1906. 


Dates. 


Feeding punctures by 


Feeding punctures by males. females 


Bee- | Bee- | Bee- | Bee- | Bee- | Bee- | Bee- | Bee- | Bee- | Bee- | Bee- | Bee- 
tle tle tle tle tle tle tle tle tle tle tle tle 
No. 1.|No. 2.|No. 3.|No. 4.|No. 5.|No. 6.|No. 7./No. 8.|No. 1.|No. 2./No. 3.|No. 4. 
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Taste LI.—Extent of feeding of each sex of the plum curculio aang the season, Myrtle, 
Ga., 1906—Continued. 


Feeding punctures by 


Feeding punctures by males. females. 


Dates. | 
Bee- | Bee- | Bee- | Bee- | Bee- | Bee- | Bee- | Bee- | Bee- | Bee- | Bee- | Bee- 
tle tle tle tle tle tle tle tle tle tle tle tle 
No. 1.|No. 2.|No. 3.|/No. 4.|No. 5.|No. 6.|No. 7./No. 8.|No. 1.|No. 2.|No. 3./No. 4. 


22 2 1 8 
22 7 1 6 
7 8 2 5 
8 cal eee 3 
2 7 2 4 
19 TOM See 5 
15 A alee caer 9 
3 8 1 9 
3 5 1 5 
8 2 4 8 
5 2 2 10 
yeaa aces 3 
1 7 Se ee 2 Si lSosaee 
3 2 5 2 
sees () | @) |------ 
4 6 1 4 
Chil Saeaes Bh |Essone 


1 Died. 2 No record. 


The individual records show that the females feed more actively 
than the males. Most of the males had practically ceased feeding 
by June 11, although the females continued to feed freely during the 
rest of the month. The average number of feeding punctures per 
male, excluding No. 4, is 135.55, as compared with the average of 
355.50 for each female. 


OPERATION OF EGG LAYING. 


The process of egg laying of the plum curculio has excited the 
interest of many observers, and it has been frequently described. 
There is much variation in the statements as to time occupied, se- 
quence, and relative time of the various acts, etc. Many writers 
have not distinguished at all the separate steps involved, as, for 
example: 


As soon as the plums, peaches, cherries, and apples are set the curculio commences ~ 
operations, imprinting the familiar crescent and placing an egg inside. 
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Riley’s account of oviposition is, however, much more complete, 
as follows: 


That the egg is deposited in the following manner, the whole process requiring 
about five minutes: Having taken a strong hold on the fruit, the female makes a 
minute cut with the jaws, which are at the end of her snout, just through the skin of 
the fruit, and then runs the snout under the skin to the depth of one-sixteenth of 
an inch, and moves it back and forth until the cavity is large enough to receive the 
egg it is to retain. She next changes her position, and drops an egg into the mouth 
of the cut; then, veering round again, she pushes it by means of her snout to the end 
of the passage, and afterwards cuts the crescent in front of the hole so as to undermine 
the egg and leave it in a sort of flap, her object apparently being to deaden this flap 
so as to prevent the growing skin from crushing the egg, though Dr. Hull informs me 
that he has repeatedly removed the insect as soon as the egg was deposited and before 
the flap was made, and the egg hatched and the young penetrated the fruit in every 
instance. 


Prof. J. M. Stedman also described the process: 


In making punctures for the purpose of depositing eggs, the females also eat the 
tissues of the apple, and this is probably the reason why during the egg-laying season 
they do not make as many purely feeding punctures as they do earlier and later in 
the season. The female first eats a small hole through the skin and then eats the pulp 
back about one-sixteenth of an inch, thus making a small cylindrical hole, usually 
quite parallel to the skin. She then turns around and deposits an egg in this hole, 
which is just large enough to receive the egg nicely. Having accomplished this, she 
then eats the tissue while cutting a small crescent-shaped hole through the skin and 
into the pulp so as to partly surround and partly undermine the egg. 


In Prof. Crandall’s studies many attempts were made to secure 
data on the entire operation, but owing to the difficulties of so doing, 
three instances only from start to finish were observed, as follows: 


In the first observation, the female moved about the apple for several seconds, keeping 
the end of her beak in contact with the surface, as if seeking a favorable spot. When 
the exact spot was decided upon, the minute jaws at the end of the snout began a 
rapid movement which quickly made an opening through the skin. This opening 
was no larger than necessary for admission of the tip of the beak. No skin was re- 
moved; it was simply torn and thrust aside to give access to the pulp below. Later, 
as the excavation proceeded, the broken skin was seen as a sort of fringe around the 
beak at the surface of the fruit. As soon as excavation in the pulp was commenced, 
the beak was deflected backward so that the work was carried on under the insect,, 
just beneath the skin and nearly parallel with the surface. As the work advanced, 
the opening through the skin became slightly enlarged by lateral motions of the beak. 
The pulp was all eaten as excavated. During the process the beak was not once 
withdrawn, nor was there any cessation of motion. When the excavation of the 
cavity was completed the beak was withdrawn by a quick motion, the insect turned 
about, adjusted the tip of the abdomen to the opening and deposited an egg, which 
was forced to the extremity of the excavation by the ovipositor. The insect now 
rested without motion for two minutes; then, turning again, proceeded to cut the 
crescent in front of the egg. This crescent puncture was not wholly a separate punc- 
ture, but, starting in the original opening through the skin, was cut laterally in either 
direction, partly by the jaws and partly by crowding the beak first one way and then 
the other. The direction of the beak was but little deflected from the perpendicular 
and the cut was made as deep as the length of the beak would allow. The pulp torn 
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away in making the crescent was eaten, just as was done in excavating the egg cavity. 
The crescent completed, the insect walked away, drew the legs closely under the 
body, and settled down, apparently to sleep. The time occupied in the process 
described was distributed as follows: 


Minutes. 
Excavating egg cavity.......-.--- Sa eS te ga = he cee PS Sper 9 
Mera EM OIC L, COO S625 AS oe coe ei AU RNB OE ae oA Rae ee ae 1 
IRE is aS Gees Greens ona eens one i et eeee Mca tal le Ree eee ene z 
Seinen: thie: Crescent. <2 noes. 2 352 sa tate a ase <1) 5 Sue 34 
tale cc eee Sane Sot Nc Ws SL A Aa DRE Hig 154 


The ege cavity was cylindrical, with a rounded bottom, and by measurement was 
found to be 0.04 inch in depth. The egg when deposited very nearly filled the 
cavity. : 

The second observation of the complete process was nearly identical with the one 
described. The insect spent no time in choosing the exact spot, but went to work 
at once. It worked in a more leisurely way and did not excavate as deep an egg 
cavity. Eleven minutes were spent on the cavity, 2 minutes in depositing the egg, 2 
minutes in rest, and 4 minutes in cutting the crescent, a total of 19 minutes. The 
ege cavity measured 0.035 inch in depth and was completely filled by the egg. On 
completion of the process the insect moved a short distance and immediately began 
a second cavity. 

Essential differences from procedure in the two preceding cases were noted in the 
third complete observation. Excavation of the egg cavity was the same, except that 
it was deeper in the pulp and of greater depth. After depositing the egg the beetle 
turned and with her beak worked the egg back to the bottom of the cavity. Then 
she began tearing off bits of skin and pulp, which were carefully packed in, above the 
ege, until the cavity was full. Following this, the crescent was cut in much the same 
manner as in the preceding cases. Then she appeared to make a final inspection, 
and added some further packing above the egg. Finally the work appeared to be 

satisfactory and she walked away and began a second puncture. The time consumed 
' in this process was longer than in the others, and was divided as follows: 


Minutes. 

Pixon OeOO CAVIbyss=5 2 552 sesertvis. Soe cde e eel TI 12 
EEF INOS ITIVE? CS Aa eee ge ee a Pe AE 14 
Placing the egg with the beak. ............ Sat en seid See 2a eee 2 
{PEGA NS GANT Ne eae ce ede ee ee 4 
SeniisereeneCveresCent: +22 sas s24 busy cose o'r da iss ska settee et 4 
CESS TUE GA RGTERGE Vg Shea ae aa 6 ol ne 3 

“SDECREIL sel SBS Sat RR ae ERS OS oC oe 264 


Mr. Johnson observed the operation of egg laying in 1905 at 
Youngstown, N. Y., in a Niagara plum, from which the calyx had 
recently fallen. The excavating of egg cavity, placing of egg, packing 
of cavity, and cutting the crescent was done without a pause and 
occupied 10 minutes. 

According to the observations of Mr. J. H. Beattie at Fort Valley, 
Ga., in 1905, a beetle was occupied 1 minute in making the egg 
cavity in a plum, after which, turning around, it deposited an egg 
in about 5 seconds, a few seconds more being required in pushing 
the egg into the cavity. However, in cutting the crescent 6 minutes 
were occupied, a total of a little more than 7 minutes. 
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Mr. Girault observed a beetle at Myrtle, Ga., May 7, throughout the 
entire operation. This individual had been previously starved and 
was furnished with a fresh wild plum upon which it climbed at 
4.36 p. m., settling on the side. It carefully examined the surface of 
the fruit before beginning oviposition, as follows: 


Minutes. 

Egg cavity begun 4.43. 
Her eavatyatimishediAval pe) aiee ee ee eee ee eee 8 
Beeideporited: 47a Umer pepe ie ele ete ee ee 3 
Hee pushed antcawvity 4b Or nee sae eee ee 
Packingiéos cavity 4. 522-40. aoe Uae ae ee eee 24 
Began erescentt:4 50) o82 2. 5 Sees eee Se ee ee 
Crescent finished 5.08...-- {oes Geed Sos SOE eee eee 13 

Totals:( Aik AMES SELLS BES ee ee ee 244 


During the process the body was in an extended position, legs well 
out grasping the fruit, and while excavating the cavity the body was 
at an angle of about 45°. Difficulty was evidenced in holding to the 
fruit. The tarsi were continually being lifted and extended, and 
applied to the fruit, and this was followed by a drawing motion, to 
engage the claws if possible. The antennz were motionless, the 
scape lying alongside the rostrum. 

At Barnesville a beetle was observed ovipositing on plum, April 11. 
Its time record was as follows: 


: Minutes. 
Beak inserted 9.47. 
Beak withdrawn and ovipositor inserted 9.49.............-...---.--- 2 
Ovipositor removed!9:49}. 2222 24.25.8555) ee ee 4 
Packing cavity, umtilOl52 222 tame ee eS i= er 24 
Beean’ cutine crescemt 9: 02-62 ee 2 ee ee ee 
Crescent completed VW07- 22.0 2.2-- ea.5 ae eee eee 
Actual time oceupledanlen tiines 24 see ese a eee eee 36 
Beetle rested 6 times while cutting crescent, a total of.........---- 39 
Totalanteryal.s2.7 onc. es ayaecee nectar 80° 


Also at Barnesville a beetle was observed April 20 ovipositing in 
young peach. At 9.30 the hole was started in fuzz, the beak being 
worked down full length. At 9.41? beak was caniteereen and the 
ovipositor inserted. The ovipositor was withdrawn at 9.42% and the 
egg pushed down with the beak. The beetle withdrew at 9.46 without 
filling the hole in the fuzzy covering of the peach as usual, the total 
time being 16 minutes. 

Another beetle, ovipositing on plum, inserted the beak at 9.08, the 
egg cavity was ened and ovipositor inserted at 9.094, and the ovi- 
positor was removed at 9.10. After packing the egg cavity the 
crescent was begun, which was finished by 9.28, a total of 20 minutes 
for the entire process. 
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EGG AND FEEDING PUNCTURES: POSITION ON FRUIT AND VARIATION 
IN FORM. 


The position of the egg puncture on the young fruit, as would be 
surmised from observations on the process of oviposition, is deter- 
mined in a general way by the part affording the beetles the best 
anchorage for their feet during the work of excavating the puncture 
and crescent. This position will vary according to the age of the 
fruit, and also according to the kind, as whether plum, peach, apple, 
or other species. Some data were secured by Messrs. Girault and 
Rosenfeld as to the location of egg and feeding punctures, which are 
set forth in Tables LII to LIV. In the case of the peach, it proved 
to be difficult to separate positively the two forms of punctures, and 
these are considered under the same heading. 


Tasie LII.—Location of egg and feeding punctures of the plum curculio on wild plums, 
Myrtle, Ga., 1906. 


. Benet Location of egg punc- Location of feedin 
Fruits examined. tures on fruit. g | punctures on fruity 
: 5 
wn 6 a . 
2 2 o =| : 
Dates of examinations. 3 ZS) 3/2 ee ies 
5 oe | Ey ey I El | I 
5 o|}/* |] |] w o;F |] qa 
Eve es ent ee eet tet |= te [re ies ree 
wol/Si/Sliel/2l/BI31S8/s8laelsis 
o|alaea|sl|lalse|s|/alae|]s | ale 
Bisa /B8l/o;a/M@leial/aso;jassa 
53) ||.) Wooo laomallaweellonee Ol wcll AN ee 
48 | 45 |_...|....| 2 il |) Bil &} |Iscoal @ 6 1 
aa) CO Se clicaoal|) ee iiace eed coed lod! 1 e|Ber55 
43 | 32 1 3 4) 3/14 1 1 Aes os 8 
76) 3S 2) HAE Uy SH |B yesea ese 1 
101 | 45 Bh LO) AL ee lO) Wesecliccoollegoe 1 9 
52 | 13 2 4| 8 | 25 Qh Bea bee eae jeder 6 
73 Aye 2a lon ian oll 4 1 1 2 
102 | 17} 14) 20} 5 | 46) 5 2) 1 2 
48/11] 8]; 3} 8|18] 7 By |) oil 4 
62) 8} 14] 5 1|34/] 3 1 1 1 
I BW CN Bal I ZN" Olescalieceal> Ibllasse 5 
ABP A AUS PB Bh AlN} elias EEE 2 1 
782 |286 | 76 | 69 | 72 |279 | 98 | 14) 8 | 21) 13] 42 


TasBLeE LIII.—Location of egg and feeding punctures of the plum curculio, Myrtle, 
Ga., 1906. 
KIEFFER PEAR. 


A ee Location of egg punc- Location of feeding 
CIS Gee: aanae, tures on fruit. 4 | punctures on fruit. 
5 5 
nm C os . 
; : So g ol =I o E 

Dates of examinations. = alel|s 2 S/E/s 

. o a — oS mt 

@ From— | § S/S] 8] x o/s | 3 

2 Euiline Sai cael ee Tc a |e |S 

g Si a OS Se ss aes S16 

5 Blea | eal Sle Sle Ss Vel Se 

Z Bisa ;9;o;rsa |My elie l/Aso;a}]A 
JAfoR, O55. 6 So ace See eee eee 200 | Tree.....- 16 |. SPS |G 9) eer e Hero) | roan eee 
Lotdes Coed e ee aoe ae eee 160 | Ground...| 3 |. Nal 18) Jee 22 || 1 
REMMI SIa See ye es oe Sk ose eee 1 Tree...... 20 |- 13) 3] 4] 15 era es ae, 2 
Sere mee oS hia GO.) Crxowraels i —Sacelosacl! “Weacdlkesal Syl HY llscacll @tleaeslecse 
2): 35a5 Sea E COE eee ae 50 | Tree.....-. AON Aha ee ay Aa TOES Orit SUI 354) oh bers ectee 
EE MEMS Seo) cjxin Sas cess HO) Eprapnnelo os esec) 8 eS) leoacl) tb tess soe) Ulecsclissos 
WES? ©. 2 obese eet cee ee 50 | Tree....-- as |S} 8 Pit) Gy Sy Oyecedieceal Gissca| 2 
Bestar ora assilecrs 50 | Ground...) 22 Th) A ee |) a occ) 8 3 
Sl eb ad Goce ee Rees cee Eee 50 | Tree...... 16 A 3) Bl AUG Be By Gl al 5 
TNO) Et SH as ene BOnBOSeeEee SO" Ractoaneaaoe 159} 3] 91] 88} 24/35/77] 6] 2] 45)11] 13 
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Taste LIII.—Location of egg and feeding punctures of the plum curculio, Myrtle, 
Ga., 1906—Continued. 


APPLE. 
. : Location of egg punc- Location of feeding 
Fruits examined. tures on fruit. ”& | punctures on fruit. 
5 
. . bad . 
ie g gig|.|8 gis 
Dates of examinations. 5 ale\s a Si/E|s 
3 From— | 3|38 r= 2 3|8 z 
= for 4 by m |S a=| i Sia|— 
8 wile | SSeS |S seeee mies 
5 wolalea|/s|/ala|s|a}lal] §] ea g 
a Alita i/M o/s /As/el/a sa ;o;a)/a 
SATE 13s SA Ale hg Ae ee Gera 100 | Tree.....- Disa as 1 1 | 10 On| eA ial 
DO Scena Wy: uesk aaa ected 50 |...do-. 15 4| 6 ce Mecal ese a Ssec Beet ete) 
Mayer beet Shenae ae eae ie Here 50 |.-.do.. 47] 1] 4/26) 7) 9}| 18 9] 1 3 
SD Ot al! C ee Oe eae aa 200) Fear haces 64} 1) 8} 33) 7} 15 | 31 14] 8] 1 8 


TasLe LIV.—Location of egg and feeding punctures of the plum curculio on peach, 
Myrtle, Ga., 1906. 


x Location of egg and 
Fruits examined. 3 feeding punctures 
4 on fruit. 
Be 
Dates of examina- | So o ; 
tion s 2 s Big Remarks. 
3\3" s|a|a 
- 8 From— | © | 9 Ae Nene West 
: ele |2/2lelel3 
2 2 a 
i ela |¢|aldo|<|a 
4} 3 ]....) 1} 1] 1/]....| All feeding punctures. 
31 42} 2) 7}|11] 8] 14 | 4 egg punctures. 
20 35} 3/10| 7] 3 | 12 | 5 egg punctures. 
29 63 | 3] 3] 15] 4 | 38 | 21 egg punctures. 
19 38 | 2| 2/|20] 7| 7 | 4egg punctures. 
46| 111; 1| 4] 66] 15 | 25 | Egg and feeding punctures not 
separated. 
46 | 126 | 12 | 12 | 60 | 22 | 20 Do. 
32 | 122] 6] 10] 73 | 11 | 22 | 25 egg punctures. 
37 70| 1] 21/15] 9 | 24] Egg and feeding punctures not 
separated. 
21 36] 2] 6/14] 4] 10 Do. 
34 63 | 7 | 12) 24)15] 5 Do 
23 45) 2] 6/17/11] 9 Do 
35 84] 3] 11] 46] 10| 14 Do 
39 | 1223) 5 | 12 | 35 | 35 | 35 Do. 
-| 43 | 180 | 20 | 27 | 30 | 43 | 10 Do. 
459 '1,090 | 69 |144 |434 |198 |245 


In the case of wild plums the tendency, early in the season when 
the fruit is small, to oviposit on the apex of the fruit is very 
marked. Thus to April 30, 55.8 per cent of all punctures were there 
located. After this date, by which time the fruit had become of 
some size, the egg punctures were to be found more often on the 
basal third. For the period of observations April 9 to June 11 the 
majority of feeding punctures was also found on the basal third. 
The distribution for the season of the totals is indicated in the table 
(Table LII). 
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As regards the Kieffer pear, there was always a majority of the egg 
punctures on the side, the basal third of the fruit being next pre- 
ferred, which distribution also holds good for the feeding punctures. 

Observations on apples were quite limited, but also indicate a pref- 
erence for the side for egg laying, while feeding punctures were about 
equally distributed over the base, side, and basal third, indicating a 
preference in feeding for the lower part of the fruit. 

At Barnesville, Ga., in 1910 it was observed that during the first 
10 days or 2 weeks of: oviposition on the peach no punctures were 
made through the skin. Owing to the small area of the fruit surface 
at this stage of growth the layer of fuzz is very thick, and it seems 
that the snout of the beetle is not long enough to make the normal 
punctures when working through so great a depth of fuzz. Punc- 
tures were made in the fuzz 
down to the skin, which was 
usually abraded somewhat, 
causing a small area of russet 
to develop. The eggs were 
placed in contact with the fruit 
skin and the hole above them 
filled with loose fuzz. These 
punctures were conspicuous by 
reason of the difference in re- 
fraction between the normally 
erect pubescence and _ that 
which had been packed hap- 
hazard into an egg puncture. 

For peach the consolidated 
records of egg and feeding 
punctures for the season show 
a distinct majority in favor of 
the side of the fruit, with the basal third next in rank. 

The normal egg puncture consists of the egg cavity and a crescen- 
tic cut, as shown in figure 23. The egg cavity is cylindrical, about 
0.04 inch deep, and the crescentic cut is in the form of an arc. The 
ege cavity, and especially the crescent, may vary widely. The cres- 
cent, however, if it is to serve the purpose intended, is cut deeply and 
extends back under the egg cavity. (See fig. 23.) Externally the 
modification of the typical puncture usually consists of a shortening 
of the horns of the crescent, often to such an extent that the crescentic 
cut appears as a short straight line. Also the position of the crescent 
when of normal form varies much in relation to the egg cavity, which 
may be considerably to one side. These variations appear not to be 
due to faulty instinct, but to the different conditions under which the 
work is accomplished. Punctures made by individual beetles in con- 


Fig. 23.—The normal plum-curculio puncture; egg at 
Tight. (Original.) 
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finement present many variations; as already explained, the beetles 
in making the punctures derive much of the necessary force from the 
legs, and the feet must be firmly anchored. That they often have 
trouble to secure a good footing is clear from observations on the 
beetles at work. In fact, the attempt at a given point on smooth 
and tough skinned fruits, as apples and plums, is not infrequently 
abandoned and other locations sought. Young apples and peaches 
covered with pubescence and pears with roughened skin afford good 
anchorage for the feet. As the apples grow, however, the skin 
becomes smooth and beetles have trouble in puncturing the tough 
skin and abnormal punctures are frequent. In the case of wild 
plums detailed observations indicate that difficulty is often expe- 
rienced by the beetles, as shown by variations in the egg puncture. 
Thus, in a study of 200 fruits which averaged about 12.75 mm. in 
greatest transverse diameter and each bearing an egg puncture, 102, 
or 51 per cent, of the punctures were normal. In 75 cases the crescent 
was short and almost a straight line and was entirely absent in 23 
cases, the egg cavity only being present. The following records of 
the activities of 30 pairs of beetles in egg laying and feeding on plums 
during the night of May 12 are of interest in this connection. There 
were 121 crescentic punctures with eggs and 51 such punctures with- 
out eggs; 13 cavities with eggs were unaccompanied by crescents, 
and two eggs were found in one egg cavity. About 324 feeding 
punctures were present. 

The variation in position of the crescentic cut was found in 50 
plums examined to be as follows: Normal, 18; with crescent but 
little curved, 10; with crescent short and straight, 12; and the cres- 
cent was absent in 10. The same specimens showed a variation in 
relative position of crescent and egg cavity as follows: Ege cavity 
central to crescent, 20; slightly to right, 8; slightly to left, 5; on 
center of right, 4; on center of left, 3; crescent absent, 10. 


RELATIVE NUMBER OF FEEDING AND EGG PUNCTURES. 


The relative abundance of feeding and egg punctures was several 
times noted. Table LV gives data from three localities. The fruit 
used at Siloam Springs, Ark., was apple; at Washington, D. C., plum; 
and at Myrtle, Ga., peach. The date of death of the respective sexes 
was not determined for Arkansas. In the Washington records the 
dates are for both sexes, and the Georgia records give dates of death 
of each sex for each pair. 
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Taste LV.—Comparison of number of feeding and egg punctures of the plum curculio 
from various localities. 


Siloam Springs, Ark., 1908. Washington, D. C., 1905. 
i : Feed- - 
Pair No fo Ege Paes Egg : 
pune- punc- Length of life. pune- punc- Length of life. 
tures ‘Tne tures mores 
lewccouSqeee eee 549 61 | May 13 to Sept. 15...-..- 273 289 | May 11 to July 3-6. 
I se ici i~ a-'s 477 57 | May 13 to July 28.....-- 311 616 | May 11 to Aug. 28. 
Base sok tee eee 85 16 | May 13 to May 29....... 165 131 | May 11 to June 18. 
oe coo 261 25 | May 13 to June 28.....-- 280 350 | May 11 to July 7. 
8) 58 de Soe eee 195 2B} | Men TG) TO) IRONY Be 35 eo occ|lacosecesllaacoosas 
Go sdecueste eee 295 AD Wile 7 IB iO) Seis Os aeesec||aceasescllecscadac 
Cancsenan ee Teen 267 G0) |) Mey 183 1@ duly Silos 2 scolleosesocclasccecec 
Oz 550 cC Gee eeaee 39 || Wiley TB io) Wiley ee = Soo sllsconecoclececsaan 
0) Ree eee eee 409 UL) MMe 1} io) AOR AD) ose cellgconaces|lesocunes 
Soe ae 295 16} || Wen IS WO dwbby We scesscscconcesllccoccacs 
INOUE. Sooee 2, 872 Se Rees So eee ae eee ete 1,029 | 1,386 
Myrtle, Ga., 1906. 
: Male 
Pair No. Feeding | Egg died— 
pune- punc- Length of life. 
tures. tures 
PRE ee trey 5 1Y teas che ee Se lean eae se 160 138 | Apr. 6 to July 30.....-.- May 18 
Dvn bon SECS SETS ROSS SM Ae Ree RE ee es ne 110 29 | Apr. 6 to June 5......-.. July 29 
See eee ype ese esha oie saree Skee ne eae 217 191 | Apr. 6 to July 26........ July 24 
Oh soln ot ae ASS SUBS A eet a 147 WOU Ap rGIGH5 os sa eneccce los July 20 
B asccedasqece so see Gee HEN Bore teeta eee ate 152 118 | Apr. 6 to Aug. 9.......-- July 18 
@. sac8es 3655 SOS a wa eee ees 146 44 | Apr. 6 to June 26.......- June 2 
ea eee eee ae ce ene ot els Hex 150 82 | Apr. 6 to June 18.....--. June 18 
oe 2 solsae's Oe USO rae eae aA eer ae 211 133 | Apr. 6 to Aug. 10.....--- Aug. 20 
MINGVIGULS i oS ae Ie ens a ee net a ea 1, 293 814 


It will be noted that in two instances feeding punctures consid- 
erably outnumbered the egg punctures. For Arkansas the ratio 
is about 9 to 1, and for Georgia about 14 to 1, indicating considerably. 
less feeding on peaches in proportion to egg laying than in the case of 
apples. The Washington records show a larger number of egg than 
feeding punctures, but these specimens were kept under temperature. 
conditions abnormally high, which prepenly, stimulated oviposition, 
as elsewhere stated. 


ACTIVITY OF THE BEETLES IN EGG LAYING AND FEEDING, BY DAY 
AND BY NIGHT. 


Information on the relative activity during day and night of the 
beetles in oviposition and in feeding is meager. Riley‘ states that 
the curculio is nocturnal rather than diurnal, as regards the period of 
flight, and affirms that it is far more active at night than during the 
day. He further adds that, with the exception of such females as are 
engaged in egg laying, most of the curculios rest during the day, 
sheltered by the foliage or branches of the tree or convenient trash or 
the ground. 


1 Third Missouri Report, p. 14. 
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In the article on the curculio by Riley and Howard,' it is stated that 
although the females lay their eggs chiefly during the daytime, the 
insect is essentially nocturnal, flying freely during warmer nights and 
only seeking shelter when the nights are cold. Prof. J. M. Stedman? 
says that the females may deposit eggs during a part of the day and 
part of the night, or all day if the weather be cloudy, but do not appear 
to enjoy egg laying during the heat of the day. They frequently 
drop to the ground during the middle of the forenoon, hiding until 
late in the afternoon, when they fly to the trees and again begin work. 

In connection with other observations on beetles in confinement, 
Prof. Crandall determined the number of eggs and feeding punctures 
‘during day and night, respectively, which data it would seem could be 
fairly held to indicate their general activity under normal conditions. 
Of the total of 5,631 feeding punctures recorded, 2,594 were made 
during the day and 3,037 at night, a balance of 443 in favor of night 
feeding. In regard to oviposition, of the total eggs recorded (1,954), 
1,037 were laid during the day and 917 at night (6.30 p. m. to 8.30 
a. m.), a balance of 120 in favor of the day for oviposition. 

Records made in 1906, at Myrtle, Ga., by Messrs. Girault and 
Rosenfeld bear out the conclusions evident from Crandall’s observa- 
tions. April 9, beetles were captured by jarring peach trees and 
when found mating later in the day were separately confined in jars 
with wild plums. Beginning April 12, observations were made at 
9 a. m. and 9 p. m. each day until June 29, except in the case of pair 
No. 5, as shown in detail in Table LVI. After June 29 the records are 
not complete. . 

TasLe LVI.—Comparative activity during day and night of five pairs of the plum curculio 
in feeding and oviposition, Myrtle, Ga., 1906. 


Pair No. 1. Pair No. 2. Pair No. 3. Pair No. 4. Pair No. 5. 
Feeding Feeding Feeding Feeding Feeding 
Datesofexami | Eggs. | pumc- | Eggs. | punc- | Eggs. | punc- | Eggs. | pune- | Eggs. | punc- 
nation. tures. tures. tures. tures. tures. 
= : + z ) aaa tee) ~ ~ Alles + ~ : s ao 
SIPIS\E/S(BIS/SIS/F/S(S/S/S1S/F/S| eles 
ZhAIZIAIZIAISZIAI[AZIAI4ZIA4/Al42IAlaIaslalsAa 
ANOS Ws scoceee sceglocosfea=s|[ocss/oacc|/>224|[ocasoese|iaseqlfeso< Boog |2205|2edsecs|scos|[sace|[2ac\/s255|/-225)2--6 
Lite aasces za ee ie! day Wee eae) eee Ieee cones Peer (sea ee) eS eel reel eal Ne aullso.a|lsa2 2 
DES pee ee AWD Sul el nesellsarse| een ema | aes | ees Gi & Neessiese- 4) 7 Bee eee ell a til 
ee aBaSseSes eae epee FES MIs) | nc Wel ee peel Meal} Se Ee eee eee a G 227 Le 
14... bene| Aap Wey Byte alee d a De a ia Gee Sil Dal, AR sie ena a 3 ee) 2 
Ti ee eel fee el ated fees dl falta besa er Sal TM eae SG a 2 lecsah ib 5 
UGo eet see Oy et ea) a) dal AL Me A ee ath etsy lew 7a tl 1 esa es Ik 2 
ly ree ees Bh A Si Sy QS BPP a | SEN Aas Sey ae 2 st 4 Set soe a Pee Le 9 
18... ] ase eae eer ale esol eed be Neti Wail eeaale raw) |Gecclsoc 2 || 2 
LORE PAN |) PAN Pale al Qylgseisicoacl te ce i Sep aly ie ee |e le bate | ate 2 
AV oes 4/ 1 4/ 1 1 2 GN Bie 3] 6] 4]. 4| 4] 3}. 2| 2 3 
21s Sea UO | ee el | te al ara aro | yea a mad | eH ha | aM etn ial eslaoaal|- He) 2 
PP WI OI 2 Ge Bl Sl Gy Bless Bap Ge 1) 2222 Seea eee 2 
2325 SF eel ne rT ea Dal |Z PN ieee | eel oo 201 ae See See on | eee 
Date. IS ee lees legen ea al Mi rs) Seine tL ede Playa tee Sh ESA le Se Me BWI |lecsah) 2 3 
Doe Le OD lOa| Cees wOm|wralellire te 2h O Ta pete a | ee SH lees eset LS 2) en Re 3 
26... Cai eee (0s 30 Nal Pes icon Penal el NC YN Solel ety wane Ae ete ert il ih th fa 3 
QT 25 | AE Se BN Ball A A HOSTS Ge valerate) 2a een eee |e 5 
PAS Nf Me eres ee Gates Ie Pee Pe Cus se Bape ile il 2 


1 Rept. Comm. Agr. for 1888, p. 61. 2 Bul. 64, Missouri Station, p. 16. 
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THE ADULT. 


LIFE HISTORY AND HABITS 


TaBLE LVI.—Comparative activity during day and night of five pairs of the plum curculio 


in feeding and oviposition, Myrtle, Ga., 1906—Continued. 
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It will be noted that in the case of each of the five pairs, the num- 
ber of eggs deposited during the day is greater than the number laid 
at night. Of the total of eggs laid (1,291), 654 were laid from 9 a. m. 
to 9 p. m., while 637 were deposited during the balance of the 24 
hours, a difference, however, of only 17. A total of 2,800 feeding 
punctures is recorded, 1,607 being made at night and 1,193 during 
the day, a difference of 414 in favor of night feeding. 

The data suggest, therefore, that the curculio feeds rather more 
at night than in the day and that egg laying goes on at about an equal 
rate during night and day. 


TIME REQUIRED FOR TRANSFORMATION FROM EGG TO ADULT. 


The length of time spent in the fruit and in the soil has been shown 
separately in Tables XXV to XL. While these data are not entirely 
comparable, as representing different parts of the season and a 
variable number of individuals, nevertheless the final averages, when 
brought together, should give an approximate idea of the time 
required for the complete life cycle of the curculio. The final averages 
of time occupied in the fruit and in the soil as detailed are given in 
Table LVII with time for all stages shown, as determined by adding 
together these two periods. 


TasLeE LVII.—Time required for the complete transformations of the plum curculio 
. (combined data from preceding tables). 


aie ee Time re- 
in fruit (egg mp; quired for 
Localities. Season. | and larval ere oa complete 
stages com- er “| transfor- 
bined). mation. 
Days. Days. Days. 
Griggsville Ue yee ee ee eee rea sare eer 1904 20.00 28. 24 48. 24 
Youngstown, N. Y., and North East, Pa.........-..--.- 1905-6 19. 68 31. 04 50. 72 
Wiashing fom. wD) Ci seee a neat seca rene eer cree 1905-1908 15. 52 32. 04 47. 56 
NU) Ge mactsanasnooessesoeuconeroodescosonaeanasccs 1906 17.90 25.15 43.05 
SiloamitSprings Ar kee semen e reer eee eee eee ene 1908 21.74 29. 00 50. 74 
Dowslasse Mic he eee es eee eee ee 1910 20. 80 36. 41 57. 21 
Barmesville.' Gia se Mes ei ys hah epee cba be eran ett erat oe 1910 20. 73 34. 38 54. 38 
WAVera ge. otk) se ini sees Uae Ge mel beraeae Paha eee 19. 48 30. 89 50. 27 


Considerable variation is shown between the averages of time spent 
in the fruit, and also between the averages of time spent in the ground, 
for the several localities. The shortest average time in fruit is shown 
by the 1905 Washington records, 15.52 days, and this is most closely 
approximated by the Georgia records a year later, namely, 17.90 days. 
The longest average is from Arkansas, in 1908, with 21.74 days. 
As regards the average time spent in the ground, the Georgia record 
for 1906 is lowest, 25.15 days, and the 1910 Michigan records highest, 
36.41 days, Hone: closely approximated by the Barnesville Teconds 
for 1910 of 34.38 days. 


TIME FROM EGG TO ADULT. a GS tt 


The average time required for complete transformation and 
emergence of beetles, as shown in Table LVII, also varies considerably, 
but in view of the variations in season and in the localities from which 
records were obtained are more uniform than had been expected. 
Thus, between the shortest time, 43.05 days (Georgia, 1906), and the 
longest, 57.21 days (Michigan, 1910), there is a variation of only 
14.16 days. The average time for the complete life cycle from egg to 
emergence of adult for all localities is 50.27 days. 

Complete records were obtained, in the case of a few individuals, of 
time occupied from deposition of egg to appearance of adult, as shown 
in Table LVIII. The averages for each locality are based on the 
total number of life-cycle days. The Barnesville, Ga., records include 
individuals from eggs laid each month from April to August, inclusive. 
These are separated in the table so as to show the marked lengthening 
of the life cycle in the earliest individuals, from eggs laid April 8-14. 


Taste LVIII.—Showing time required for transformations of the plum curculio from egg 
to adult. Individual records. 


Beetles emerging in specified days 
Indi from oviposition. 
Localities. Dates-of oviposition. hele. 

36 37/38|39/40) 41/42) 43/44)45 46 47/48/49 50 

iBamesvillesG@aee 252 2-usse ces see Apr. 8-14, 1910......-- QI gslicollacleslosiisallectlea|alleailc Be | Selon 
IDOLE ES Ase eres eee tees ene May 9-26, 1910....---- Cees lleelee 1) 3) 3} 8) 2) 8) 4) 6) 9! 4) 2 
ID OS eset ee Re eae epee June 16-30, 1910.-...-- 27). .| 1} 2| 1) 2) 1) 4) 3) 3) 2) 1 7\ illee 
DOs a eoce se Seo SeCeSeaes Seance July 1-30, 1910......-- 177|..| 3) 3)11/15)13)12 15)17)13 16) 9) 9)15) 6 
100). See Sees Ue Eee Eee Aug. 7-17, 1910...-..-- 71|_.| 1).-|-.]--|--| 1} 2} 1) 7 3} 5} 6)16) 7 
SHOR oe oc sBek eno ebeGcreaSbe BAbeTescetee acceeaereeee 415). .| 5| 5)12/18)17/20)28)23/30 24) 20)26)36)15 
Youngstown, N. Y.....--.-------- June 21-24, 1905......- ID oelealecliee|se|salsellecto4 oa) 44) eel] 4) al 
RWOREnNB Aste Pa le June 13-14, 1906......- | Waleed calleeeealeclleateel 2h BOG) a 
Washington, D. C .-| May 10-June 10, 1905... Sey CAM eo elle albelselioelles eelloc\| Wise 
Mivrtles Gas cea s- <2 Se =e s--'= = May 7-16, 1906......-- OH etee|| al 24) a a) eel Tcl lleetioe 
Douglas; Mich. =: 22. 545.2-22.-6-2:- June 24-July 6, 1910... 98 EES Selec assis Slo] rales pelle pealas 
Gaming WO ed Gees aoteeel Boe Seet eee see ee eae aaa 597\17'16 9 13 2225 21/30) 23/30 29|25|33| 40/16 

Beetles emerging in specified days 

Indi from oviposition. 
Localities. Dates of oviposition. waghrells. 

51 52)53 54/55'56|57/58 59 60) 61/62/63 64 65 
Bammeswille, Gas 2) 222.6522 h-555- Apr. 8-14, 1910......-- Oe No shesesleolleclocleelselleal) Aisa PAM ee 

IW ORE -P ease coho sens S42 ee May 9-26, 1910......-- AG Sel ee seleeieele aleelleal| =e eel Peo 

IDO SS SaaS en eae Sane eee June 16-30, 1910. .....- CYAN Wes e5 Wels 1). ze 

WOFe esac seca datas eee July 1-30, 1910........ 177] 3) 5) 4| 3}-.| 2} 1) 1 1). sale 

DO sic Se aan aie eer Aug. 7-17, 1910.......- 71} 4| 3] 2| 5| 3} 1) 2)..)..) 4) aj-.).- |- 
"Tie 6 Se ae SR OE To) cae ene a 415| 8| 9| 7| 8| 3] 3) 4| 1|--| 3| 3|.-|11/12:26 
Moungstowms N. W252 -2 262 .c-5-- June 21-24, 1905.....-. HO} Th dle s|ealleolleclicellectiog a Beal eel eelice 
North East, Pa.........------.-.-- June 13-14, 1906. ....-.- IZM 8) Ass leollectsalleaiicellec as | 
Washington, D.C. 2... 2-24... see « May 10-June 10, 1905... SB acllasleaec|(Sellee| Sellee|es) Blisc 
MINH, CB) oneosose ssecasseecboce May 7-16, 1906.......- 24| 1). tN Eel eAllael (Seale) Golloalisa aa 
Douglas, Mich......--...---------- June 24-July 6, 1910... 98] 1) 1] 1) 3/19) 9} 7 4/11/17) 8} 1) 7| 2) 4 
Granigrotaltey sues al eee eames mut Alon h 597|14 14) 811293/12/11, 51142012) 1/18/1430 


TE THE PLUM CURCULIO. 


Taste LVIII.—Showing time required for transformations of the plum curculio from 
egg to adult. Individual records—Continued. 


Beetles eulPietae in specified Aver- 

oo Saale ays from oviposition. Total age 
Localities. Dies SUOMIpOSE a ade life | length 
uals. | cycle. | of life 

66/67| 68/69) 70 71\72)73)74|75|76|77|78 cycle. 

Days. | Days 

Barnesville, Ga......-------- Apr. 8-14, 1910. ... 91/17) 8} 7 3).-| 1) 2)--).-|--]--| 1) 1) 5,984) 67. 
Dona Soe Beta eae Ste May 9-26, 1910...- 49| 0s) ice -|2.[-2i--]--|2-leel2s|eelaclocii@: 2yraen|| metona 
(DOs 2st Sa Aree ean June 16-30, 1910-.- 27) Nee |eeleeloe|e=l-s|-=|Seleales|ealeel nil 204 sae 
DGshe teh eee ee LS Rie Ah asia Keel Seleaicsleclss|seleclseaaiccliadissisa)  Zotye} <i. (lr 
2D Yee ee he eae es Aug. 7-17, 1910... (eS) Ves PS ed eee el bet elie ieoiin” Gi aiill, ck). 23: 
Mo tale: Soyo 2G tose Sees See eee eee 415}17| 8} 7| 3).-| 1) 2 1} 1) 20,995) 50.35 
Youngstown, N. Y..--.----- June 21-24, 1905... MO ie) ele Cellsaecllosieellaaiballesils aise 498) 49.80 
INorthibaste Pas \o eee ee June 13-14, 1906... IY Fe een Fee Ua bathe ot pa bt 832} 48.06 
Washington, D. C.......-.-- May 10-June 10,1905 Bee Se Seleecolseiseeealcciedicaiscisat Ue 2z0). Sion 
Miyntle Gare: S20 uee aes May 7-16, 1906. -.-- oi Ve ee ee ged ed A ea el elle tecliae|| tL (Ose) aT, 25) 
Douglas Mich Stee. s seca June 24-July 6,1910 98]..) 4) Uj}. .}.-}.-/-.|.-|.-|--|--|-.| 5, 728) 58745 
Grand (total te ees | as se) ere 597|17| 9} 8| 3 1) 2 1) 1) 30,359} 49.85 


The several averages of time for complete transformations in the 
individual records show a range of from 36.97 to 67.23 days, the 
former from the insectary records of 1905 at Washington and the 
latter from Barnesville, Ga., in 1910. There is here a difference of 
30.26 days, but it should be borne in mind that the insectary records 
show a much shorter life-cycle period than normal, by reason of the 
high temperature under which the insects were reared. The average 
of all localities is 49.85 days, differing by only a fraction of a day from 
the average of 50.27 days already shown in Table LVILI. 


SEASONAL HISTORY. 
TIME OF APPEARANCE OF BEETLES IN SPRING. 


The curculio is roused from hibernation in spring by about the same 
temperature conditions required to bring into blossom the various 
deciduous fruits upon which it subsists. It is a matter of importance, 
however, to know just when the beetles first appear in orchards with 
reference to the condition of the trees; as whether before blossoming, 
during this period, or after the fruit has set. This question has a 
bearing on the time of making spray applications and of beginning 
other remedial work, as jarring. Little exact information on this 
point is to be found in literature. Dr. Tilton (loc. cit., p. 116), 
writing in 1804, remarks that— 

Early in the spring, about the time when the fruit trees are in blossom, the cur- 
culiones ascend in swarms from the earth, crawl up the trees, and as the several fruits 


advance they puncture the rind or skin with their pointed rostra, and deposit their 
embryos in the wounds thus inflicted. 


Mr. William Bartram, in a paper read in 1789, expressed the belief 
that the insects appeared when the fruit was half grown or younger, 


TIME.OF APPEARANCE OF BEETLES IN SPRING. Vs 


and Dr. Harris (loc. cit., p. 67) remarks that they begin to sting 
plums as soon as the fruit is set. 

Dr. Fitch (Essay, p. 16), writing in 1860, states that the insects 
make their appearance on plum trees when the young fruit is about 
one-third or one-half grown. The question was well investigated by 
Dr.~Trimble (loc. cit., p. 72) in New Jersey in 1864, and frequent 
jarrings were made beginning May 12, at which time quince trees were 
in full bloom and green gage plums were just forming. Three beetles 
were caught from plum on May 13, 1 on May 18, and 10 on May 20 
on knots of cherry and plum. Curculio punctures were in evidence on 
pears and cherries on May 18 and on plum on May 19. 

Walsh (Prac. Ent., vol. 2, p. 75) states that the female curculio 
makes her appearance early in the season, and as soon as the young 
plums are a little larger than a hazelnut. 

According to Dr. Riley (loc. cit., p. 53) the beetles in central 
Missouri begin to enter orchards during the first days of May, and 
commence to penetrate the fruit about the middle of the same month, 
varying with the season, peaches at this time being about the size of 
a small marble. 

Riley (Amer. Ent., vol. 2, p. 131) further states that the curculio 
commences to puncture peaches when they are the size of small 
marbles or hazelnuts, though she may be found in the trees as soon 
as they are in blossom. 

This point is not touched upon in the excellent account of this 
insect by Riley and Howard in the Annual Report of the Commis- 
sioner of Agriculture for 1888, though in the colored plate accompany- 
ing the article the weevils are shown on a plum twig, the buds of 
which are not yet expanded. 

Lintner (11th N. Y. Rept., p. 122), writing in 1895, says that the 
plum curculio enters upon the scene at least two weeks before its 
first crescentic cuts are made in the fruit. 

More exact data are presented by Prof. Crandall (loc. cit., p- 495) 
in his studies of the curculio in Illinois, in 1903 and in 1904. Thus, 
during the spring of 1903 apple trees were carefully searched at fre- 
quent intervals, but no beetles were found until May 10, when they 
were abundant, appearing to come all at once. Apple buds were 
opening by April 16, the trees were in full bloom April 22, and the 
petals had practically all fallen by May 4. The beetles, therefore, 
_ were not in evidence on the trees until a week after the blossoming 
period, coming suddenly in large numbers. In the spring of 1904, 
systematic jarring of two trees was begun April 28. One beetle was 
taken from tree No. 1 on May 4, 1 on May 5, 5 on May 7, and subse- 
quently, a total of 15 by May 19. On tree No. 2 the first beetle was _ 
_ taken on May 17, and 1 the day following. On other trees beetles 
were taken May 7, and a few subsequently during the month. Apple 
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buds in 1904 were expending about May 3, trees were in full bloom 
May 10, and the blossoms had fallen by May 15. As compared with 
the someon of the trees, in 1904 the beetles were in evidence about 
two weeks earlier than in 1903. 

Some data have been obtained on this point by the Bureau of 
Entomology. In 1905 records were made by Mr. Johnson, at 
Youngstown, N. Y., (see Table LIX) and though jarrings were a little 
late, the results are of interest as showing the occurrence of insects 
with reference to the condition of the trees. 


Taste LIX.—Time of appearance of plum curculio on trees in spring. Jarring records, 
Youngstown, N. Y., 1905. 


Japan plum. pees: Peach. Pear. 
pean : 5 i i Condition of trees. 
ur- ur- ur- ur- 
Ges culios. UGE culios. Trees culios Trees. culios 
WER? Mile oaae 50 1 25 2 Qo il ae Satceme eee Geese 
12 es 25 9 50 6 25 al rere ee (EG a 
lye aa 25 Sant ewinee lice ouiiset 25 Die AA als Gace Japan and Domestica 
plums in full bloom. 
162222- 25 1 25 4 25 1 Pdily| |asoneres 
Ne eee 50 39 50 23 25 AL scanty cenrs | Sm eee Peach in full bloom. 
1 eae 25 9 25 12 DOA eases PO Bee Pears in full bloom. 
Dene 25 8 25 7 25 1 25 2 | Plum blossoms fallen. 
QAees 25 6 25 2 Doles ceee 25 1 
Wile anos 15 30 15 il 15 AN tet ase tte oe ae 
S)sc00- 25 26 25 15 25 Pa aoa leap sec Peach and pear blossoms 
fallen. 
June yslea sss - 25 A |e aera Ae y eae 25 PN ee ete tel | tees ese 
eee as Ose. Pee (Sain aera] BEER Oa oe aamet oc. aSnbece| Usa tnaas| seis tacos First egg punctures seen 
on apple and plum. 
Oba eee 1 Ke Yoyo epee Se SZ esas: de eens 3 


Also, similar data were secured by Mr. Johnson at North East, Pa.. 
in 1906, as shown in Table LX. 


TasLe LX.—Time of appearance of plum curculio on trees in spring. ~Jarring records, 
North East, Pa., 1906. 


Sweet cherry. | Sour cherry. Apple. eee 
ce R é E A Condition of trees. 
ur- UY: ur- Wr= 
Trees. | outios. | TT€€S: | eulios. | TS: | culios. | T€°S- | culios. 
Aprs0sseie | dase ae bekaowectaeesseetelissce cscs yt HE Baaee eeseena natecirs Cluster buds of apple 


just opening. 


_| Sweet cherry and plum 
trees in full bloom. 


1 es QB) seraielerets|oeeiees Bell oatsiersyarers 50 Ofal ereeroris Mare re 

IW@osucc Di dla eo ees slatia aera aspects 50 25 25 1 

AR ae L 25M ene 25 1/2 Rl eee ae Seoncason| Sacoses, .| Sour cherry in full 
bloom. 

205225 = 25 1 25 7 25 | - 25 

D8 Soeloss Soha ocaeoss 28 (al REearace (sau snes raesas natcae bs First egg punctures on 


plums, pears, apples, 
and cherries seen May 
24, 
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The same year (1906) Messrs. Girault and Rosenfeld investigated 
this point in Georgia. In addition to the trees jarred, as shown in 
Table LXI, various trees in the woods, as Crategus, wild plum, etc., 
were also jarred, but without results. 


Taste LXI.—Time of appearance of plum curculio on trees in spring. Jarring records, 
Myrtle, Ga., 1906. 


aye plans Peach. {Japan plum. Pear. Apple. 
es ees a a g a 3g Condition of trees. 
Sieh Neh ||F Soest sil) eel etl re all eS eas 5 
2 | zB =I iS | 2 =| # 5 
‘SI ‘S) a ‘S) = 'S) ‘= ‘S) ‘= 6) 
Feb. 23....| Many. |....| Many. |....] Many. |._.. Mamivicg aes Pere eoecllace sce A few peach and wild 
plum blossoms open. 
Mar. 5....| Many.|....| Many. |_...]...___.- Be aah See Sas|Seddses dlueacae 
Oeeee | Manyen|been| Mamiya)|eoee| soos eeu. sateen ae eH Naeeer ce ersenpys Wild plum trees in full 
bloom. 
12EE=S|Maniy.|22--| Mamiyn'|. 22... .2-- aes eae ee est hee 8 Oa ee ee 
14..__| Many. |....] Many.|....! Many. |..._|_..____- BBta| ayostacd setae Pears about in full bloom; 
Elberta peaches in full 
bloom. 
16 Many. Many. (Micimiyi Een Seree es | Recel MRe Aes Vi Ae 
18....| Many. |....| Many.|....| Many.|....| Many.|....|.......|_.._.. 
21....| Many. |....) Many. |....| Many.|....] Many.|....|......_|____.. Blossoms falling from 
peach, pear, and plum. 
23 Many Many. |....| Many Manyara Mae set |e 
24....| Many.) 2/ Many.| 5 | Many.|.... Micaracy gees | eee eee eae 
25._..| Many. |-.-.| Many.}<_..!___.__.. See Ma miyn ss ei) fas SUE Seat Peaches, pears, and 
plums well set. 
26....| Many -| Many Mal eee Mama) Pasian fal eke 
asa acl es Gee eee Many OT Rtetevc el aaa emcee alias AE oh Miko OR 
29....| Many. |. Many ells ever ec| MeRaee e pgee aeyap || OL Ae 9 || aD 
3 Me ere a sa a Boga aeaGanse (hare, WEiohye |) I |S225-552 SBOE ses Ee eel Seer 
JNO) Cent ae Sn rea Beal loe Smee ae laecm cea Beane |e Be ADs -.--| A few. 2 | Apples in full bloom. 
ile erat eee nee USOUO |2Z2U \s. 2525 SSE nema ate FSG s ets Ae See ses 
1a) eral IS rea PK OO 22 A leper ee mre | nee gree ns 2 oa IN Ae 
Gael ee een TP OOO) | S8ele anes oe Bags ate ee eee 
Motaleess== ae Dia ee SS (O00 | eee ees 1 eee CM eres 2 


At Siloam Springs, Ark., in 1908, jarring records were made in a 
peach orchard as shown in Table LXII. 


Taste LXII.— Time of appearance of beetles on trees in spring. Jarring records, Siloam 
Springs, Ark., 1908. 


aoe Trees. |Curculios. Condition of trees. 
Mar 18555... 2. 9508 | emer aaaee Pears, cultivated plums, and peaches in full bloom; cluster buds on 
apple showing. 
a4 Sane esee fee Beco: = Petals mostly down from peaches, pears, and cultivated plums. 
el Sere eee ae 0 
OU Re SEa cs: O50 Rs. 2 see 
Slee coe ae 950 2 | Ben Davis apples nearly in full bloom. 
mA In 28a ooo ae QOON ER eee ene First feeding punctures by caged beetles on peach. 
Ae oe 950 1 
Geeeetece 950 1 
Sotpeasee 950 42°) Petals mostly down from apples, cherries, and wild plums; calyces 
beginning to shed from peaches. 
Ul eee 950 17 | First feeding punctures on peaches in orchard. 
We ec 950 13 Aa 
ay cis 950 8 irst egg punctures in plums. 
Tope sss 950 13 
il(Seaeaeee 950 64 | First egg punctures in peaches. 
QOS So Sce:: 950 146 
Ps eee 950 169 | Calyces entirely shed from peaches. 


| 
SSS ee eee 
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At Olden, Mo., in the spring of 1907, beetles were out unusually 
early owing to a protracted warm spell. On March 26, a few feeding 
punctures were found on Kieffer pear and on newly set cherries. 
On the same date, egg and feeding punctures were noted on recently 
set plums. An examination of 200 young plums from an isolated 
tree gave sound fruit 186, 2 with egg punctures, and 12 with feeding 
punctures, the fruit beng from 3 to 4 mm. in diameter, and the 
calyces just dropping off. Jarrings made on March 27, of wild plum, 
cherry, peach, and pear, gave only 3 adults, all from cherry, with 
fruit barely set. April 4, 30 adults were captured by hand from 
seedling pear located near peach trees, and abouf as many beetles 
escaped. None was found feeding on adjacent apple and peach 
trees. The condition of the fruit trees at this place is shown by the 
following: March 24, cherries were in bloom; wild plums well set; 
petals of Elberta peach and Kieffer pears mostly fallen. March 26, 
Gano apples were in about one-third full bloom and Ben Davis trees 
were showing first bloom. 

In the vicinity of Washington, D. C., in 1905, a single beetle was 
taken April.27, and 4 specimens were jarred from peach on the day 
following. First punctured fruit (plums) was observed May 4, at 
which time it was about the size of a small bean. Punctures in fruit 
were increasingly in evidence after this date. Peach and pear trees 
were in full bloom that year by April 14 and apple trees by April 21. 
Native and Japanese plums were in full bloom by April 10, and 
earlier. ; 

On May 2, 1906, a single beetle was captured in the insectary yard, 
at Washington, on plum. A jarring of 7 peach trees, May 4, gave 14 
curculios, and from 8 plum trees 122 beetles were taken. The peaches 
at this date were just shedding-the calyx shucks, and plums were ? 
of an inch in diameter. On May 16 curculios were very abundant on 
peach and plum, a thousand being caught in jarrings from 6 a. m. to 
10 a.m. Peach, plum, and pear were in full bloom by April 14 and 
apple by May 1. . 

In 1908, pear trees were in full bloom by April 9, while peaches and 
plums had dropped most of their petals by this date. Apple trees 
were mostly in full bloom April 24. The first signs of the curculio 
were noted April 24, when beetles were found feeding upon plum 
foliage, and additional specimens were found on plums April 27. 

Jarring records were made in the spring of 1910 at Barnesville, Ga., 
North East, Pa., and Douglas, Mich., all in peach orchards. The 
relation of the appearance of beetles to the condition of the trees at 
. these places is shown in Tables LXIII, LXIV, and LXV. 
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Taste LXIII.—Time of appearance of beetles on trees in spring. Jarring records, 
Barnesville, Ga., 1910. 


Tepes ices Trees. |Curculios. Condition of trees. 
Wikies saeesce 336 19 | Scattering blossoms open on Elberta peaches. 
Tee reais 336 9 | Elberta peaches in full bloom. 
Gee 2): 336 1 | Red June and Abundance plums in full bloom. 
is, Seen 336 5 | Carmen peaches in full bloom. 
7A ee 336 20 
DB dere meane 336 483 
2 Raat ae i Bat Petals fallen from Elberta peaches; first egg punctures in plums. 
oS jeet ee ; 
SOE see's 336 563 | Petals fallen from Carmen peaches. 
JNFOVR ni ER ere 336 534 
0 Geeiere 336 427 | Peaches bursting through calyces. 
Genet 336 243 
Sees. 336 166 


TaBLe LXIV.—Time of appearance of beetles on trees in spring. Jarring records, 
North East, Pa., 1910. 


Dates trees 


jarred. Trees. |Curculios. Condition of trees. 
Apr. 16.5252... - 75 3 | Less than 5 per cent of peach blossoms open. 
20 2 2 eee ue Setter a te About 75 per cent of peach blossoms open. 
a eiaiaes stave Lal Renee 
DGesece sees tei bee ea eam Peaches 90 per cent in full bloom. 
Cece eee (iis Eee Peaches shedding some petals. 
May 2........-. UG Beeeeeeeae 
CN ete eark TER CE eee Nearly all petals fallen from peaches. 
Germs =e DE ene Res ees All petals fallen from peaches. 
One tecec =. 75 7 
Ll eee Us ey eee 
TIS 3eses =| Ae ee 75 1 
NG See ces Use| Bapeeee ese 
10) eee 75 5 
Oa a er tena 75 19 | Peaches beginning to burst calyces. 
PE aes eee : 75 22 | A few calyces falling. 
2622 heats 75 22 | Many calyces falling. 


TaBLeE LXV.—Time of appearance of beetles in spring. Jarring records, Douglas, Mich., 
1910. 


Dates trees 
jarred. 


Trees. |Curculios. Condition of trees. 


Apr. 25, Elberta peaches, pears, and sweet cherries shedding petals. 


Apr. 30, sour cherries in blossom; also apples. 


May 3, Bartlett pears in blossom; also some peaches. 


May 4, Baldwin apples in full bloom. 


May 10, Spitzenberg apples in full bloom. 


From the foregoing data it appears that the curculios usually first 
appear on the trees each season at nearly the same time relative to 
the advancement of fruit trees, namely, during or a little before the 
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blooming period of apples or shortly after the petais of peaches, pears, 
and plums have fallen. In some seasons, however, the curculios may 
appear as early as the blooming period of the plum or be retarded 
until after apples have shed the petals. Thus it appears that the 
beetles are affected by temperature to a different degree than are the 
plants on which they live. Probably the curculios are more sensi- 
tive to short periods of warmth and less so to longer periods at a 
somewhat lower temperature. 


RELATION OF TEMPERATURE TO APPEARANCE OF BEETLES. 


A comparison of the numbers of beetles caught in jarrings with the 
average daily mean temperature immediately preceding each jarring 
furnishes information on the temperature necessary to bring the 
beetles out of hibernation. Such data are available from Youngs- 
town, N. Y., for 1905; Siloam Springs, Ark., for 1908; and from 
Barnesville, Ga., North East, Pa., and Douglas, Mich., for 1910. 
These are given in Table LXVI. | 


TaBLeE LXVI.—Jarring records showing relation of temperature to appearance of beetles 
of the plum curculio from hibernation. 


Barnesville, Ga. |Siloam Springs, Ark.) North Kast, Pa. Douglas, Mich. | Youngstown, *T. Y. 
qo do qo qo do 
BE Ee oe EE es 
qa aa qa qa Ra 
Pn : Bon 3 Pn Zs ae 3 Eon F 
b= Ib) 1S tA od = =) =} =o) SS) b= Ib) +2 
Sky Ss BH | S SH ppl Ss SH ppl S SH yp] o 
Dates. (S2Sa| & | Dates. (S22) & | Dates. (SZS| ¥| Dates. SEH] & | Dates. (S2S| & 
S85 = S85 3 OSes 3 osk 3 S85 os) 
oon] 2 oos| 2 oom] 2° oo8] 2 o58| 2 
ne wn sae} 2 eos] n Mos] n we.| a 
rs} i) 3 2 Sa y| & Sep| © 3 5) 
Bea| 584| = Baa) s BAe) oe Seale 
peal 3 P28) 3 BEE) 2 S25| 8 P28) 3 
<q a) < (aa) < aa) < (oa) 4 FQ 
1910. | °F 1908 OTR 1910. | °F 1910. | °F 1905. | °F 
Mar. 10 63 19 | Mar. 28 69 | 6] Apr. 15 43 | 3] May 7 4 2] May 11 54 3 
14 55 30 48 |.... 20 52 10 5 3 12 50 | 17 
16 47 1 31 52 | 2 22 39 13 46 | 2 15 57 | 36 
18 50 5| Apr. 2 (Hl Woos2 26 45 16 45 | 3 16 59 6 
21 57 20 4 43} 1 28 cS) eens 19 54 | 15 17 59 | 63 
23 59 | 483 6 52] 1| May 2 50 |...- 24 60 115 19 56} 21 
25 67 | 840 8 64 | 42 4 53 |... . 26 52 | 58 22 50 | 18 
28 69 1,071 11 56 | 17 6 4IN |i 28 48 | 67 24 50 9 
30 71 | 563 13 53 | 13 9 49} 7] June 1 bl | 57 27 59 | 45 
Apr. 1 70 | 534 14 61] 8 11 al esse 3 44 | 74 30 56 | 43 
4 71 | 427 15 62 | 44 13 40) 1 6 53 | 82 | June 1 52] 34 
6 71 | 243 17 66 | 64 16 40 9 50 | 9 
8 65 | 166 20 64 |146 19 62] 5 12 59 | 94 
il 62 | 169 22 66 |169 21 60 | 19 15 63 315 
13 68 95 24 65 | 75 23 66 | 22 18 70 |350 
15 64 69 20 60 | 10 26 61 | 22 21 69 }114 
18 64 72 30 46 | 16 28 50} 1 24 75 |103 
20 56 12| May 2 51 | 41 30 60 | 19 27 72 | 47 
22 54 53 5 64|13]June 2 46) 4 30 68 |145 
25 59 15 9 54 | 28 4 50 | 13 | July 4 74 |105 
27 46 16 12 62 | 57 6 50 
29 55 90 14 67 | 15 8 51] 4 
May 2 70} 125 21 72 | 91 10 56 | 31 
4 73 82 25 71 1193 13 57 | 13 
6 67 52 27 74 |198 15 64 | 19 
9 66 29 30 70 | 87 16 67 | 37 
11 65} 101 18 66 | 19 
13 73 31 20 67 | 28 
22 70 | 26 
25 69 | 21 
27 67 | 19 
29 68 | 18 


TEMPERATURE AND APPEARANCE OF BEETLES. 119 


The effect of temperature in these records is obscured to a con- 
siderable extent by other conditions that affect the number of beetles 
caught by jarring, as winds, rains, proximity to hibernating grounds, 
and number of beetles previously caught. But the data seem to show 
that some beetles will become active at a mean temperature of 55 to 60° 
extending over three or four consecutive days, and that a mean 
temperature abové 60° for several successive days will bring out the 
beetles en masse. After the beetles have once come out of winter 
quarters they may be-jarred from the trees following periods with a 
mean temperature much below the degree required to bring them 
into activity, though such periods of cold weather greatly reduce 
the numbers caught. In Table LXVII is given a summary of the 
data in Table LXVI, showing the number of beetles caught at 
different temperatures for all five localities. 

It will be seen from this table that beetles have been jarred in 
considerable numbers following days with an average mean tem- 
perature below 55° and even below 50°. But by a study of Table 
LXVI it would seem that these beetles had been brought out by 
earlier spells of warmer weather and were already on the trees when 
the temperature dropped immediately preceding the j arrings. Prob- 
ably a mean temperature of between 55 and 60° is required to cause 
the beetles to leave their hibernating quarters. 


Taste LXVII.—Number of beetles of the plum curculio jarred at different temperatures, 
all localities combined. 


° 


nceaee Average 
ay, Average any) Average 
mean mean 
. Beetles beetles ADTs Beetles | beetles 
forapera: Jarrings. caught. | per jar- epee: Jarrings. caught. | per jar- 
since last SS: since last ei 
jarring. jarring. 
— 
°F. °F. 
39 Un ee eenepees (ee gees 57 3 69 23 
40 2 1 3 Uae all EOE cca (Stee Cease! (aes eee 
41 1 eee ee cee (ee ea ate 59 6 706 118 
60) | Ae ees SG eee el ee eee 60 4 351 88 
43 2 4 2 61 2 22 11 
44 2 76 38 62 3 221 73 
45 3 3 1 63 2 334 167 
46 4 38 9 64 6 361 60 
47 1 1 1 65 3 342 114 
48 2 68 34 66 5 301 60 
49 1 7 7 67 6. 991 165 
50 9 166 18 68 3 258 &6 
51 4 102 25 69 4 1,212 303 
52 6 98 16 70 5 1,122 224 
53 3 95 32 71 4 1, 426 356 
54 4 99 25 72 2 138 69 
55 2 99 49 73 2 113 56 
56 5 124 25 74 2 303 151 
75 1 103 103 
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OCCURRENCE OF BEETLES IN ORCHARDS. 


The relative abundance during the season and the distribution of 
the beetles in orchards are shown to a certain extent by jarring 
records. Several such records have been obtained, beginning the 
work of jarring quite early in the spring and continuing at short 
intervals until the gathering of the fruit crop, or later. The early 
portions of the following records, with additional ones, have been 
given in connection with the consideration of activity of beetles in 
spring. | 

Table LXVIII gives the results of jarring 950 Elberta peach trees, 
at Siloam Springs, Ark., for the period from March 28 to June 27, 
1908. This block of trees was used to determine the value of jarring 
in protecting the fruit from injury, as referred to on page 174. 


Taste LXVIII.—Jarring record for the plum curculio on peach, Siloam Springs, Ark., 
1908. 


Dates of Beetles Dates of Beetles 
jarring. caught. jarring. caught. 
Mar. 28 6 May 2....- 41 
OE EES ee cess sire eee DGasete 13 
Wersants 2 Teereine 23 
ADEE 2 ace tll ie bees oe ae V2.2 ae 57 
Beas 1 ae es 15 
O23553 1 PA Neer 91 
Siesce 42 Dies 193 
LS sos 17 2642-2 20 
IB Sarre 13 Dees 198 
ie eee 8 BIeceso 87 
15522 44 June3..... 76 
nly Gap Gai besos 112 
20. s25 146 af pau 131 
PPE 169 LOsscee 96 
Dae 75 IV (Sse 107 
DH ane 10 Qe. Soe 84 
A esse 16 Dora Sas 118 
Dieses 128 
Total 2, 209 


The spring, on the whole, was late, there being much cool and 
rainy weather. The beetles were notably scarce, only 2,209 insects 
being captured during the period of jarring, an average of about 2.3 
beetles per tree. Considerable variation in the number captured on 
successive dates of jarring is to be noted. Thus, on May 25, 193 
beetles were taken, and the following day only 20. The record 
indicates the erratic behavior of the beetles due, it is believed, to 
weather conditions, but shows that by April 8, beetles were out in 
numbers, the maximum emergence occurring during late May and 
during June, with a smaller maximum about the third week in April. 

In Table LXIX are shown results from jarring a block of 75 peach 
trees at North East, Pa., during 1910. The trees were in sod and 
had never received treatment for the cureulio. They were jarred 
every other day, unless weather conditions prevented, beginning April 
15 and ceasing September 2. The three specimens captured April 15 
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indicate a very early movement of the beetles for that locality, 
though no more were taken until May 9, more than three weeks later. 
Activity of the insects did not properly begin until May 21, after 
which date, with the exceptions shown, they proved to be fairly 
uniform in numbers up to July 2; after the latter date few were 
captured. A total of 381 individuals was taken during the period, 
an average of 5 and a small fraction per tree. 


Taste LXIX.—Jarring record of the plum curculio on peach, North East, Pa., 1910. 


: Number . Number 
Dates ofjarring. | of beetles ee one Dates ofjarring. _| of beetles earlier Condi: 
caught. : caught. 
JNO. Uieeasceaaaeee 3 | Cloudy. June 20....-.------- 23 | Clear. 
PA) se To BOS ol SEES ae 1) O5Mg Comite alse eee eee 2 26 Do. 
DP) ed ee SSeS eC eee Fair. DR eae, SA Me ae 21 Do. 
GAG SE ee hee Nae eee Rs Cloudy. Deo ae aoe 19 |’ Cloudy 
ah CCRC MERC On aC aeeae Fair. VER a eee stn 18 | Clear. 
Mavi 2 ae ae etla a Sepa|ei~ ni clecseyaiein Foggy. Jullyy 22s sees eces 12 Do. 
= Roe R hee toe EEae eee Clear. isa Seer aoe |neosaeeene Do. 
O.Pc2seesseeGal pact ace 0. Teeees oe este ele 3 | Cloudy 
@): Rea ere Cloudy. 0) SiS Ce | (a ee eet Clear. 
1 a SSeS eee ee ‘Do. ah Se 1 | Partly cloudy. 
ROS See pete 2 1 | Clear. 113}: de cl Seat Ra a Re Do. 
11@ Ape Rohan sles eneeee Do. Tie cee ere | eee eee nr Clear. 
1@) See ese see 5 Do. eee 7 nc gyre s || ea te Oat 0. 
DAM eR a ate eis 19 | Partly cloudy. SSS SE By SA ae Rs Partly cloudy. 
25) oe eR eae 22 Do. DBE wale Spree Neer |nieees Reet Do. 
OAD Aastra oes as 22 | Clear. 2 Je ms aera |e AC Clear. 
2S) EE aC EE 1 0. DASE 2 srcpe rie eye tal Pose testa on 
S10) etree a 19 | Cloudy. Ra vnc ti 04h. 2 Mant Mnier so: Partly cloudy. 
UME ate ss ee 4 Evy = eo 2 | Clear. 
Ae ya oN 13 | Fair. INGE Beene! 2 Do. 
Gmeie hpa ecient 6 | Partly cloudy. DOR esi i 2| Foggy. 
Sle aca Ae reer 4 | Clear. 2G a ans ee 1 | Partly cloudy. 
(0) et ee he ea 31 | Partly cloudy. SORSe so: Cle eae 1 Do. 
1 Sea roe 13 Do. Sept 2S Mie ae eal eal ae eeepc Do. 
ARE eae ats Spare 19 } Clear. 
GUE eee aa: 37 | Partly cloudy. Total ec seek 381 
Ere ete cracctaisre 19 } Clear. 


In the jarring records obtained during 1910, at Douglas, Mich., a 
block of 70 peach trees was used, and the number taken on each row 
at each jarring was separately recorded. Row No. 1 was adjacent 
and parallel to a piece of woodland, the influence of which is evident 
by the larger number of insects taken early in the season from the 
first two or three rows. After about June 9 the beetles were uni- 
formly disseminated over the whole block. From May 4 to 10, a 
total of 5 beetles was secured and from May 13 to 19, a total of 20. 
From the last date they put in an appearance rapidly, showing for 
the period from May 24 to 28 a total of 240. The beetles were in 
maximum abundance during June, which month yielded 1,468, or 
59 per cent of the total for the season. The insects, nevertheless, 
were quite generally present all through July and deers. None 
was taken after August 31, though jarrings continued until Septem- 
ber 19. (See Table LXX.) 
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Taste LX X.—Jarring record for the plum curculio on peach, Douglas, Mich., 1910. 


Curculios caught ky rows. 
Dates of jarring. Total. 
Row 1. | Row 2. | Row 3. | Row 4.| Row 5. | Row 6. 

May 4.....--.-------------------------------|-------- [2+ +--+ 2+ |e - +2 - |e - 22 |-e ee eee [eee eee [eee ee eee 
Ree ee, Mee ee SAND BE die Seeman oe meio il 1 ay ees sete er eed tr Ss ~ 2 
nce: Mae Gis Geena e nea Saeed MoqaounS 1 1 Jol. ste Soe seseesee 3 

I ee sacle lees ol ee tase see eeeeer 1 2 

ie Pepe | Ceeamertal penee ons 2 oleae eee 3 

5 6 1 ec Bie eee 15 

33 39 19 8 4 12 115 

19 22 7 6 2 2 58 

21 26 8 4 5 3 67 

June 1 12 21 9 1 1 3 47 
3 25 20 16 5 2 6 74 
22 18 11 5 19 7 82 

31 25 8 11 11 il 97 

18 20 16 15 12 13 94 

84 87 37 31 51 25 315 

67 85 87 51 40 20 350 

22 27 19 18 15 13 114 

19 21 25 23 9 6 103 

10 il 11 = 3 10 2 47 

12 4 25 26 27 14 145 

July 4 9 27 36 10 13 10 105 
8 14 (el Besseses 2 2 32 

7 5 4 US Bee seco x 19 

13 19 17 7 6 il 73 

3 5 23 13 33 14 91 

5 8 8 6 Noe Bemnciacs 45 

2 9 9 12 8 Ev sssaae 40 

3 9 7 8 3 3 33 

1 9 5 6 a 1 29 

2 6 1 1 ce ee enee 14 

Aug. 3 Al arene 5jeviasense it 13 
1 2 3 DS eee 4 12 

6 8 16 3 6 7 46 

6 5 8 10 9 7 45 

8 3 11 8 9 3 42 

1 2 il 8 12 6 40 

3 14 14 7 9 6 53 

3 Ib ae ise 3 4 2 13 

6 3 2) eer 4 5 20 


By far the most complete record, however, was obtained at Barnes- 
ville, Ga., during 1910 (see Table LX XI). This work was accom- 
plished by Mr. E. W. Scott, though completed during the latter part 


CONTINUATION OF PEACH ORCHARD.— SPRAYED BY OWNER. 
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Fig. 24.—Diagram of portion of peach orchard used in jarring experiments against the plum curculio | 
Barnesville, Ga., 1910. (Original.) 


of the season by the junior author. Ten rows of Elberta peach trees 
were used, paralleling a piece of woods. Row No. 1 was separated 
from woods by only a wagon road. A total of 336 trees was jarred, 
all as indicated in the diagram (fig. 24). As shown in the figure, a 
terrace covered with grass and weeds bordered all of the rows on the 
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east, and extended between rows Nos. 9 and 10. Excepting a check 
of 60 trees extending across the 10 rows on the west end, the trees 
surrounding the jarred block to the east and north were sprayed by 
the owner with arsenate of lead in self-boiled lime-sulphur wash. 


TaBLeE LX XI.—Jarring record for the plum curculio on peach, Barnesville, Ga., 1910. 


Number of curculios caught, by rows. 


Dates of 
jarring Total. 
Row i. | Row 2.| Row 3. | Row 4. | Row 5. | Row 6. | Row 7.| Row 8.| Row 9. Row 10. 

Mar. 10----- 10) BAe aeane Cae Sia Sets ees SIs Sete sete arse gl eee Se te emer 19 
Paes ss 5 EN I a dae | ae ee Eo AA ere ero | eae ol | en a 1 1 9 
IG Soa here aeae U1 | eek ree a | Mercrat rn Cine eres aenie Se Pe oda, Olle RE Sear 11 tue SR ot Se ds 1 
WSs. 3 Sy ae ease | Ni tenep rene eee ete [i Gaye Cot sll anaupe eter |e, ep LT ge tae ee 1 5 
Pil nee 15 1 1 dU} Seen EL SR hia ete etal liort 1 20 
Des 406 27 10 i) eeese see 6 i 1 5 15 483 
eae 460 140 56 45 32 13 14 15 16 49 840 
Se eae 550 125 95 58 38 33 30 33 35 74 1,071 

Oe ese 206 77 57 36 21 24 29 21 38 54 5 
Apr. 1..... 186 | 74 54 33 18 19 23 18 54 55 534 
eT 92 38 45 39 32 29 37 21 45 49 427 
GEES: 93 36 38 17 10 3 2 6 10 28 243 
Been 71 23 21 5 3 4 3 6 9 21 166 
ile 282 54 30 16 6 |. 9 10 13 7 i 17 169 
TeiS ee 34 13 14 4 3 2 5 3 6 11 95 
eects 31 8 8 $3) belesmiaee 3 3 1 3 9 69 
W252 22 10 8 4 3 3 5 2 5 10 72 
20RSo 5 P| eee see Tp | Se tin Sl apart beat aoe) Le pee | a ee ag 4 12 
We eB 9 11 5 5 2 2 1 3 a 8 53 
Domai fay) bee 1 3 ee S cet ae Sees 1 2 2 15 
Diane 3 4 1 =e aIR eee eae 3 A 8 cee ee 1 1 16 
PAS tes eee 23 8 9 4 2 2) 2 4 10 26 90 
May 2..... 41 21 13 3 7 3 u 6 |s 10 14 125 
ga eee 33 5 4 4 2 6 2 6 15 82 
(ueGee 12 5 1 3 3 2 10 13 52 
aa 7 1 2 1 8 5 29 
eae 39 3 6 2 9 8 101 
Boer 13 1 1 5 6 31 
ee Ss 4 By | Begeicdereres=| | aimee LL see cemm senee tls tn La FR ae ee ean ae ea 10 
is eee 9) ie 4 18 
20% BU 9 11 98 
Doar se 23 4 12 61 
Does. 18 4 4 41 
Dif sara 15 4 6 49 
Reseed 17 8 7 58 
. June 1..... 4 2 3 15 
eee 10 6 5 29 
ee se 81 16 36 231 
Gis e: 55 30 31 189 
lie 25 21 3 4 63 
lee oe 44 15 17 127 
16: 535 36 16 19 131 
ioe 35 21 6 122 
BO. hae 15 8 8 54 
Deh 8 8 8 34 
DA 16 8 3 49 
ieee 16 2 8 51 
DON Delp a SL GOAT es rc Os ae ace wc Ll Pa a ge) | Fe a on ca Ul Peace 8 29 
July -2..... 4 2 1 17 
es 13 Beetle 2 24 
Siac CBF ea a fax hee Leese es 2S Ze i yO ge UE SOI Vi a ee 4 16 
ie eee Ae eee ani | Pema aa Ni ee OR eee all awe oul © Se tk le eo 5 23 
Die ee 13 3 4 34 
Oras. 12 2 1 29 
AWS, Dooce 10 5 3 24 
eeeee TEA A se Sal its Ta A fa ee i | Ee a Ua | | 2 8 
GiSseee Oe | Reber ea care | Mae | Sterereps een | ice Oem ea anne a Mee Bee oso AI Re 1 10 
ee Bee 1 Le ese cote 6 
iss eae DIB |e cap | nee area | mmr id | eae ts emer Saar Tablas AS ae Calle ies 2 10 
HOR CONF MN U4? Fae Lt PA ta ay iB gl |S Lege 1 7 
eae 2 13 3 2 28 
26Ue2—.2 6 6 6 26 
ONS: 5: 2 1 1 7 
Sept. 2..... 65 2 25 119 
Gabe 36 5 8 78 
lO aaee Cd Vee! 21 te ak IE Reso 8) nO bl |= ae (a ie” Se ba ele) rae 4 18 
Me oe 32 2 9 57 
16..... A raat tet eres es ie ay iMavarereie terete: fe fad ealliterateretsere [etansiatctete ct fa, 2 UP Wisc scree 2 24 
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Taste LXXI.—Jarring record for the plum curculio on peach, Barnesville, Ga., 
1910—Continued. 


Number of curculios caught, by rows. 


Dates of 


jarring. Total. 
Row 1.| Row 2.| Row 3.| Row 4.| Row 5.) Row 6.| Row 7.| Row 8.| Row 9.|Row 10. 

Sept. 23_.... 16 5 4 1 Py See arioe SeeeRe oa is pteces 1 3 32 
Pf RENN 3 3 et Se ets bet ater PAR RN Evie 2 bn og ier ee Shao AS 2 9 

SOS eee US Seera ss 1 1S eres Sa a ee rman Ae reir illanaton © 5 1 11 

Oct 4s 1 PE) VUES Eee A: nye sl Vapor Vl pes OS 1 a 4 
eee a 3 Dees eee tee ee eG Te pA aly oe | ee 1 5 

De ep 13 2 1 Bel rete ea 2) ees a2 Ser Rega peo ey Rea 1 2 21 

1 See ele ee ae seer et a faye Aen ane Ol een eee ee bere ete sclsemogcclloosssoo: 

VS2 3 oclleec ce | eas sc Se tN a eae ee | ee | 

DD oS Ne Ree OS RBS SN Pe GS ta INR i ae] i Rescue at cs ea VO ae Ee | | | 
Total 3,197 975 | 641 393 269 229 275 227 503 788 7, 497 


A study of this table shows the beetles to have first become active 
March 10, when 16 were taken on row No. 1. During the interim 
March 18 to 23 they began to appear in numbers, and were out in 
full force during the last week of March. Considering the results of 
jarrings from the individual rows, the influence of the woods as 
hibernation quarters is very plainly shown. Thus, up to March 23 
rows Nos. 1 and 2 gave a total of 476 beetles, as against 61 from the _ 
other eight rows. By March 25, 15 days after emergence began, 
diffusion of the beetles had become quite general over the block, 
though the number taken from the first row on a given date was in 
most cases in excess of that taken from any other single row. For 
the season, row No. 1 yielded 3,197 beetles, 42.64 per cent of the whole 
number captured. From the first three rows adjacent to the woods 
a total of 4,813 individuals was taken during the season, or 64.19 
per cent of the total. The influence of the grass-covered terrace | 
between rows Nos. 9 and 10 is also evident, more insects being captured 
from each of these than from any one of the rows Nos. 4 to 8. The 
beetles were in maximum abundance in the orchard from about 
March 25 to April 13, during which period 4,108 individuals were 
taken, or 54.79 per cent of the total. 

The appearance of the new generation of beetles is marked by a 
sudden increase in the jarrings for June 7 and several days subse- 
quently. Beginning with the third week in August an increase in 
the number of beetles taken is again noted, reaching its maximum 
about September 2. This may doubtless be attributed to the issuing 
of the beetles that developed from ripening fruit, the ripening period 
being approximately July 7-20. 

No beetles were captured in this orchard after October 11, though 
the jarrings were continued to October 26. But during late fall 
jarrings were made in other orchards, both sprayed and unsprayed, 
and also in woods adjoining peach orchards. After beetles ceased to 
appear on the regular jarred plats, many were taken in some of these 
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other places. On October 12, 3 beetles were jarred from 60 trees in a 
sprayed orchard, and 1 beetle from 50 oak and hickory trees in 
adjoining woods. On October 14, 133 beetles were jarred from 104 
trees in a badly infested unsprayed orchard consisting of late varieties. 
The trees in this orchard had been bare of foliage for more than two 
weeks. On the same morning 144 beetles were jarred from 28 small 
oak trees in woods adjoining this orchard, showing a heavy migration 
tothe woods. Thesame 104 peach trees were again jarred October 23. 
Only 30 beetles were taken, and only 7 beetles from 20 oak trees in the 
adjoining woods. On October 26 as many trees as possible were jarred 
in the woods adjacent to the regular jarred block of peach trees. 
Only 3 beetles were secured The last beetles of the season were 
jarred November 1, when 2 beetles were taken from the 104 trees in 
the unsprayed orchard previously mentioned. No beetles were: 
secured in jarring 18 oak trees in the adjoining woods on the same date. 
This probably marks the complete entrance of the insect into hiber- 
nation. 
NUMBER OF GENERATIONS ANNUALLY. — 


It has been accepted for years that there is but one generation of 
the curculio annually, though this was a much-disputed . question 
among the earlier writers. Thus, the writer of an article in the 
National Gazette, which.was reprinted in the American Farmer of 
November 15, 1830, states: ‘‘There are three generations of them 
during the five months of their existence above ground, and they 
are all very tenacious of life.’ Dr. Fitch * believed the insect to be 
two-brooded each year, thesecond brood passing the winter in the larval 
condition under the bark of pear trees. He was led to this erroneous 
belief by the resemblance to the curculio crescent of a curved incision 
in the bark which he supposed was the egg puncture of the insect in 
question. The absence of fruit he thought necessitated this change 
in egg laying by this brood, and agreed with the earlier observations 
of Melsheimer that the curculio bred in the bark of peach trees. 
Dr. Trimble, as the result of observations, believed the curculio to be 
single-brooded, and this opinion was, in the main, accepted by subse- 
quent writers. Dr. Riley, however, in an anonymous communication 
under the signature of ‘‘V”’ in the Prairie Farmer for July, 1867, gave 
it as his conclusions that the insect was occasionally two-brooded. In 
his first Illinois report (1867), Walsh states his belief in the double- 
broodedness of the curculio, as follows: ‘‘I find there are two distinct 
broods of the plum curculio every year, the first of which comes out 
in the beetle state, in the latitude of Rock Island, IIl., from about 
July 19 to August 4, and the second from about August 23 to Septem- 


13d Rept. Ins. N. Y., p. 351. 
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ber 28.” He cites in detail rearig experiments to support his con- 
clusion, and cites Riley’s note in corroboration. 

Riley ‘ fully corroborates the conclusions of Dr. Trimble by rearing 
the curculio in a large cage over a tree, and states emphatically that 
the curculio is single-brooded, but further goes on to say: 

But as there seem to be exceptions to all rules, so there are to this; yet the exceptions 
are only just about sufficient to prove the rule, for as far south as St. Louis not more 
than 1 per cent of the beetles lay any eggs at all until they have lived through one 
winter; or, in other words, where one female will pair and deposit a few eggs the 
same summer she was bred, ninety-nine will live on for nearly 10 months and not. 


deposit till the following spring. In more northern latitudes I doubt if any exception 
to the rule will be found. 


During the present study of the curculio but little information on 
the tendency of the insect to produce a second brood under field 
conditions has been secured. Late records of larve in fruit could 
readily be accounted for as from eggs deposited by the longest-lived 
individuals of the overwintering beetles. 

During 1905, however, at Washington, D. C., a second brood of 
larve was obtained, though no individuals reached the adult condi- 
tion. Infested peaches were received May 1 from Fort Valley, Ga., 
and confined over moist soil in a large covered glass jar kept in the 
insectary, where temperature conditions were abnormally high. By 
June 8 many adults were emerging from the soil, and.on June 12 
several apples were added. On July 13 eggs were found in four 
apples, and subsequently fertile eggs were laid on the 17th, 20th, 21st, 
22d, and 24th of July, and by August 2 several larve had developed 
to full size, some remaining in the fruit and others entering the soil. 
Several larvee were separated for particular observation, but all of 
these died without transforming to the pupal stage, and no adults 
were secured from larvee entering soil in the breeding jar. 

During the summer of 1910 a second generation was again reared 
under laboratory conditions, at Barnesville, Ga., this time a large 
number of individuals being reared to the adult stage. Adults of the 
first generation were reared out of doors from infested peaches gath- 
ered in an orchard, the beetles beginning to emerge June 6. On 
emerging, the beetles were put in large muslin-covered battery jars, 
100 to 175 beetles to each jar, and kept in the laboratory. They 
were fed on peach foliage and fruit, but were often neglected, allowing 
the jars to become very humid and sometimes moldy. On July 11 
several eggs were found in peaches taken from these jars. The 
beetles, 480 in number, were then supplied with ripe Elberta peaches 
from which all curculio eggs had been removed. On examining this 
fruit two days later 113 eggs were found. Eggs were subsequently 
obtained in abundance, a typical record of eggs laid in fruit left in 
the jars overnight being shown in Table LX XII. 


1 Third Missouri Rept., p. 11. 
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Taste LXXII.—Record of eggs laid by 864 new-generation beetles during one night, 
Barnesville, Ga., 1910. 


Dates of observation. Shee Dates beetles emerged from soil. Eggs laid. 
INighitiOnJUly 26s 2.-- 225222. 5. -esecce2e 120) | (Sune eee as Bete aee ene seen eens: 

OM ee sa = 5 Seca ccoae oe ss Seas HLSW RSME sl Sa wxsese ae Som empon Mame) alate 11 

IDG .c:3 dee SASSO ESE NEE tea BPA See 156s) Dune 20=22hs42 eons s asco sae ees cers 16 

DD Omer sete hae eco ace ce siasie se eice LSS el UME 23 20a sane ea eee eee 49 

IDO. coo Soe HO See SERRE eee a eee TOON TuMe 26=29 he eka eee ess Saou eee 2 20 

IDO. 2 cig bse SRE ee ae eee ener LORS | uneys Oasys 4 ees eee ener: 27 

1D. on stted SS BSeB ee Stee Sea eeee eee SO by | MI ZOOS ey Het ene ste cee Ep eee oe 13 
TICE) es SAS ee te ee Rae eee ae SOAS Che eB ee oe Ae Wee Aa ae anette 142 


The beetles continued to oviposit freely until August 10. By this 
time peaches were scarce and no further observations were made 
until August 17, the beetles being fed on foliage alone during the 
intervening week. On August 17 some late seedling peaches, both 
green and ripe, were put in the jars and on the next day were exam- 
ined for eggs, only two being found. No more eggs could be obtained 
from these beetles or from beetles recently captured by jarring, 
although eggs were being laid in the field, where fruit was available, 
for a month longer. 

All eggs laid by the new-generation beetles appeared to be fertile 
and hatched in from three and one-half to four and one-half days 
unless injured by handling. One hundred and eighty-five individuals 
were reared through to the adult state under the same outdoor 
conditions used in the other rearings. The larve developed in ripe 
peaches, remaining in the fruit from 9 to 24 days. The life in the 
soil ranged from 18 to 45 days and the entire life cycle from 36 to 
61 days. The adults from this material emerged from the soil August 
22 to October 10. Adults from infested peaches collected in the field 
emerged as late as November 9, at which date there were yet many 
pupe and even larve in the soil, though there is no evidence that. 
these late individuals from the field were of the second generation. 


BEETLES FROM EMERGENCE TO HIBERNATION. 


In general, after emergence the adult insects pass the time in 
hiding and feeding, their activities growing less and less at the 
approach of cold weather, until finally they seek hibernation quarters 
for the winter, which, as shown, may be in orchards under trash, etc., 
on the ground, but especially in neighboring woods. 

More detailed information is needed upon the habits of the beetles 
after emergence, especially in the South and in other regions where 
the fruit crops are practically all gathered by midsummer or earlier. 
- Under such conditions the weevils are at once largely deprived of 
fruit for food and doubtless subsist on foliage, buds, etc. In regions, 

as the Middle and Northern States, where a variety of later maturing 
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fruits is grown, as apples, pears, late peaches, plums, etc., this exi- 
gency in the life of the insect does not occur. Nevertheless, the weevil 
in the Southern States is able to maintain itself in extended areas 
largely devoted to peach growing, as shown by the fact that the 
insect is here perhaps most abundant and destructive. 

The jarring records presented on page 120 show the beetles to be 
present in peach orchards until quite late in the season, but not in 
such numbers as during spring and early summer, indicating a con- 
siderable diffusion or early seeking of hibernation quarters. During 
September, 1905, Mr. Beattie, at Fort Valley, Ga., jarred 400 peach 
trees, securing 600 beetles, which he states were very active and 
were captured on the sheets with difficulty. 

Beetles kept in confinement from time of emergence until hiberna- 
tion have fed freely on fruit when present or on foliage when supplied 
with this alone. Their forced feeding on foliage, as in the South, 
suggests the possibility of destroying them in large numbers by 
thorough spraying with arsenicals after the fruit has been har- 
vested, insuring their material reduction another season. 

In the more northern States the beetles feed freely on various 
fruits but are especially destructive to the apple. The so-called fall 
feeding puncture, in fact, constitutes an important injury to apples, 
pears, plums, etc. The puncture differs somewhat from that made 
in the spring by the overwintering generation. The cavity is cylin- 
drical, as in the case of the spring puncture, but somewhat deeper, 
and is usually excavated beneath the skin all around, as far as the 
length of the snout of the beetle will permit. The opening through 
the skin, about one-sixteenth of an inch in diameter, is surrounded 
with a darkened circle, due to the cavity beneath, which, if the skin 
be removed, will be found to be from one-eighth to one-fourth inch 
across: <A single cavity is rarely more than one-eighth inch deep, 
_but where the insects are numerous and the fruit scarce the feeding 
punctures may be so abundant as to run together, with the result 
that the injured area of the apple, due to the evaporation through — 
the broken skin, collapses, quite destroying the fruit for market 
purposes. (See Pl. XIII.) Wasps and other agencies, following the 
curculio, may further excavate these feeding punctures, which may 
be invaded by rot-producing fungi and bacteria, soon bringing 

about the decay of the fruit. Often the punctures become. so. 
enlarged that the beetles are able to get inside, where they feed and 
test, perhaps spending days there at a time. This character of 
injury was noted years ago by Prof. Comstock." 

The extent to which the beetles feed in the late summer was 
determined by Crandall for 10 individuals, separately confined, and 
furnished fresh food, 5 of them daily, the balance about once each 


1Bul. 3, Cornell Univ. Agr. Exp. Sta., p. 40 (1888). 


Bul. 103, Bureau of Entomology, U. S. Dept. of Agriculture. PLATE XIII. 


Fic. 1.—CHARACTERISTIC HOLES EATEN INTO APPLE BY THE BEETLES IN THE FALL. 
(ORIGINAL. ) 


Fi@. 2.—FEEDING PUNCTURES OF BEETLES ON SUMMER APPLES. (ORIGINAL.) 


THE FALL FEEDING PUNCTURE OF THE PLUM CURCULIO ON APPLE. 
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week. A total of 529 punctures was made, or an average of 52.9 
per individual, the range being from 8 to 111 punctures. Examina- 
tions as to curculio injury during the fall of many thousands of 
fruits, as apples, European plums, pears, etc., have always shown 
the feeding punctures of the new generation of beetles, and unques- 
tionably the latter feed freely after emergence and until hibernation. 


HIBERNATION. 


The curculio passes the winter in the adult or beetle stage in trash 
in and about orchards, along fences, and in adjacent woods, etc. 
This fact in the life of the insect has been fairly well understood for 
many years. 

Dr. Tilton, in his article in Willich’s Domestic Encyclopedia, in 
1804, expressed the belief that the curculio, like other beetles, 
remains in the form of a grub (or worm) during the winter, ready to 
be metamorphosed to a bug (or beetle) as the spring advanced. 

Dr. Harris,‘ in describing the life history of the insect, as a result 
of his observations, says: ; 

Meanwhile the grub comes to its growth, and immediately after the fruit falls bur- 
ows into the ground. This may occur at various times between the middle of June 


and of August, and in the space ofa little more than three weeks afterwards the insect 
completes its transformations and comes out of the ground in the beetle form. 


He further adds that he has not yet been able to confirm Dr. Tilton’s 
observations, but believes that some grubs may be retarded in their 
transformations, thus passing the winter. 

Dr. Fitch ? states: 


Notwithstanding the volumes that have been written upon it, we do not to this day 
know where the curculio lives and what it is doing three-quarters of the year. 


Dr. Trimble (loc. cit., p. 99) writes: 

Many believe that the curculio lives through the winter in the immature condition 
-of a grub and undergoes its transformations in the spring. Thisis not so. In all my 
numerous experiments made year after year, even with the latest-stung apples, the 
erubs become beetles the same season, and as beetles they live somewhere through 
the winter. 


Further, he details the keeping of beetles in flowerpots covered 
with cheesecloth until quite torpid from the cool weather. Speci- 
mens of beetles were found by Dr. Trimble hibernating under the 
shingles of a roof and in the crevices of a stone wall. 

As stated by Walsh, specimens of beetles were found by a Mr. 
Rathvon under bark of cherry and wild cherry in March and Novem- 
ber. Walsh ® states: 


There is little doubt now in my mind that the curculios bred from the fruit of one 
year are the same individuals that puncture the fruit of the following year. 


1Nat. Hist. Mass., p. 67 (1841). 3 Practical Entomologist, p.77 (1867), 
2T’'wo Addresses, Insects and Curculio (1860). 
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But later he complicates the subject by his conclusion that the 
curculio is double-brooded, and that it is the beetles of this second 
brood that survive the winter. On this point of hibernation Riley,* 
in a summary statement concerning the knowledge of the insect at 
that time, states— : 

That the greater portion of them pass the winter in the perfect beetle stage under 
the old bark of both forest and shade trees, under shingles and logs, rubbish of all 
kinds, and especially the underbrush of the woods. 

That a certain proportion of them also pass the winter underground, both in the 
larval and pupal stages, at a depth frequently of from 2 to 3 feet. 

That those which hibernate as beetles begin to leave their winter quarters and 
enter our orchards throughout central Missouri during the first days of May, and com- 
mence to puncture the fruit about the middle of the same month—a little earlier or 
later, according to the season—the fruit of the peach being at the time about the size 
of a small marble. 

However, Riley, in his Third Report (p. 13), expresses a different 
opinion, and says that he has satisfied himself that the curculio 
invariably passes the winter as a beetle under shelter of all sorts 
near the surface of the ground. This conclusion seems to have been 
adopted by nearly all subsequent writers. There has been, how- 
ever, little exact information on the places where the cureulio hiber- 
nates, and indeed little direct effort has been made to find them in 
hibernation. 

Prof. Crandall (loc. cit., p. 495) reports results of searches for 
beetles in Illinois in the spring of 1903. On March 31 a whole day’s 
search revealed none. Search was made again on April 14, and at 
intervals up to April 27, when first beetles were found under dead 
grass on the ground and occurring singly. Examinations of the 
trees in spring did not reveal the beetles until May 10, when they 
appeared to come all at once, none having been found on the day 
previous. Further search of hibernation quarters, in 1904, was 
made by Prof. Crandall, but no beetles could be found. 

The hibernation habits of the curculio have been investigated at 
various times during the course of the present study of the insect. 
At Youngstown, N. Y., in 1905, Mr. Johnson made frequent searches 
in the fall during October, and on the 14th of that month 9 
beetles were discovered in a slight depression under an apple tree. 
They were well covered with closely matted, well-decayed leaves 
within a space about 2 inches square. Nine more beetles were 
found in a similar situation in an apple orchard on the 16th. On 
October 25 an examination of an uncultivated orchard in light soil 
revealed none, but in an adjoining orchard where there was a sparse 
covering of sod and leaves on the ground, 6 beetles were taken, 4 
being quite dormant and 2 capable of moving feebly. A search on 
November 4 among leaves on the ground if an apple orchard failed 


1 First Missouri Report, p. 53 (1869). 
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to reveal any beetles, but, on November 7, 6 more specimens were 
taken beneath partly rotted leaves close to the soil. The beetles 
were wet and dull colored from their surroundings. On November 
17, 2 adults were found, under rotted apple leaves on soil, quite active; 
and in a similar situation 4 more were taken November 23, and 5 on 
November 28. In the spring of 1905 Mr. Johnson made extended 
searches for beetles along fence rows, in peach, plum, apple, and 
quince orchards, in old stumps in adjoming woods,.in cracks in 
fences, under piles of wood, rough bark of fruit and other trees, and 
wherever it was thought possible that the beetles might occur. 
None, however, was discovered. Examinations were made begin- 
ning March 25 and continued until May 10, at which time plum trees 
were showing first blossoms. 

The following year, 1906, at North East, Pa., Mr. Johnson found, 
on April 24, 10 beetles covered with leaves and decayed fruit on the 
surface of the ground in a young apple orchard in sod. At this time 
the blossom buds of apple were just beginning to open. Beetles 
were found in similar situations in this orchard, as follows: Seven on 
April 25, 9 on April 26, 4 on April 30, 16 on May 3. By this time, 
however, beetles were in evidence on certain fruits, as shown by 
Table LXIX, and it is not certain but that some of the beetles 
observed had already left their hibernation quarters for the orchards. 

Also, in the spring of 1905, Mr. James H. Beattie, at Fort Valley, 
Ga., made frequent searches for hibernating curculios, the work cov- 
ering the period from March 14 to 25. Examinations were made 
among leaves and logs in woods, trash in orchards, and other places 
_ where the insect might occur, but none was found, though unques- 
tionably they were quite abundant in these places. 

The following year at Myrtle, Ga., Messrs. Girault and Rosenfeld 
failed utterly to find any hibernating curculios, although very care- 
ful search was made. in all situations likely to be used, including trash 
and grass along terraces, in peach orchards, in thickets of wild plum 
trees adjacent to peach orchards, in accumulations of leaves and 
trash, in old stumps, under rough bark of trees, ete. One beetle, 
however, was found March 16 under the bark of a pear tree about 4 
feet from the ground under circumstances suggesting that it had 
hibernated there. There is doubt in regard to the matter, since the 
trees at this time were in full bloom and the insect may have come 
into the orchard from its hibernating quarters. 

In the ease of apple orchards the data show that many beetles 
simply hide away under trash that may be present. They doubtless 
feed upon the fruit until fall, and upon the coming of cold weather 
geek the most convenient shelter. In the case of fruits gathered by 
midsummer, as is true of peaches in the South and in regions where 
other fruits are not available for food, unquestionably the insects 
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become very much scattered, and there are no data to show just 
where they hibernate, though it has long been known that beetles 
are first in evidence in those portions of orchards adjacent to woods. 
(See tables of jarring records, pp. 120-125.) Unquestionably the 
bulk of them hibernate in trash in woods adjacent to orchards, and 
also in grass along terraces in orchards, and probably to a less extent 
in orchards. 

Some data were obtained also by Mr. Johnson at Youngstown, 
N.Y.,in the fall of 1905, upon the actions of the beetles in seeking pro- 
tection. On September 28, 6 curculios were placed on bare loose soil 
and covered with large glass jars. After several days of cold weather, 
including a couple of hard freezes, the beetles were found on October 
20 on the surface of the soil and in a perfectly quiescent condition. 
Later, November 13, there had been no change in the condition of 
the beetles. Specimens collected early in September, feeding upon 
apples and confined in jars, in which was a supply of turf, made no | 
attempt to burrow into the sod. As the weather became colder they 
mostly fell from the apples, inclosed for food, lying promiscuously 
among the blades of grass at the base of the fruit. Beetles were still 
hiding in cavities previously eaten in the apples. On November 22, 
however, alter some activity, due to a few days of warm weather, 
several beetles had crawled nearly out of sight in the sod and several 
more had worked down into cracks between the pieces of sod, indi- 
cating a distinct tendency to seek shelter. 


MORTALITY OF THE CURCULIO DURING HIBERNATION. 


The proportion of beetles which survive the winter doubtless 
varies considerably from year to year, depending upon the character 
of the weather and other conditions. Observations on this point, 
however, indicate a heavy mortality. September 4, 1905, 400 
beetles jarred from peach trees at Fort Valley, Ga., were placed in 
breeding cages in the insectary yard at Washington and supplied 
with fruit for feeding purposes and abundant dried leaves and trash 
under which to protect themselves during the winter. Examinations 
made October 12 and 28 indicate that they were doing well and had 
fed more or less upon the fruit present. At these dates most of the 
beetles were hiding under the trash at the bottom of the cage. A 
preliminary examination, March 2, 1906, showed that many of the 
beetles had become active, some of them crawling rapidly here and 
there in the cage. On April 6 a final examination was made, especial 
care being taken to miss none of the insects. The leaves and sand 
were carefully worked over, and 60 live beetles were found and 138 
dead ones. Thus a total of 198 individuals were accounted for out 
of 400 originally placed in the cage. Doubtless the missing ones had 
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died and decomposed and thus escaped notice. Their escape from 
the cage was scarcely possible, as this was kept tightly closed all the 
while. A similar experiment was made at Siloam Springs, Ark., in 
the fall of 1908. October 9, 1,280 beetles reared from peaches were 
distributed in four battery jars and kept out of doors under shelter. 
An examination on November 2 showed that 965 beetles were alive 
and 308 dead, with 7 unaccounted for. These 965 beetles were then 
placed in a cage in a moderately exposed place out of doors and 
covered to protect from beating rains. The cages were suppled 
with a quantity of small chips, dried leaves, paper, and muslin. The 
insects passed the winter in this condition, but unfortunately the 
cage met with an accident in the spring and final results were not 
obtained. In the course of rearing work at Barnesville, Ga., during 
1910 many beetles were obtained, some of which were used to obtain 
data on their mortality before hibernation in the fall and during the 
winter. As shown in Table LX XIII, 10 different lots of beetles were 
thus carried through the fall and winter in boxes covered with wire 
screen, the total number of individuals under observation being 2,378. 
Up to November 4, 1910, the time of final examination in the fall, a 
total of 487 beetles had died, with 112 unaccounted for and listed as 
escaped. A total of 1,779 beetles were placed in cages as shown for 
the winter. At date of final examination in the spring, March 8,.1911, 
648 live beetles were found, with 619 dead and 512 missing; the last 
probably decomposed. The average percentage alive is seen to be 
36.42. The percentage of mortality of the different lots does not 
seem to give consistent evidence as to hibernation material and 
exposure best suited to them, as will be noted from the table: 


Tapie LXXIII.—WMortality of hibernating beetles of the plum curculio, Barnesville, 


Ga., 1910-11. 
Lost while feed- | 
ing up to Nov.4,| ‘Total 
: Period of emer- 1910. put in 
Lot No. gence. Emerged. Food. Sines 
cage. 
Died. | Escaped. 
1910. 
eee sans! Sept. 16-30. ..-.--- 138 | Peach foliage and apples. .--...- ANS fea 134 
Mcrae ee ore Jume 13-22...----- 573 | Peach foliage, peaches, and 294 57 222 
apples. 
hie Se eeeboas Oct. 1-Nov. 3-- --- TO See sa oe te sotecereces aes eas OH Ropes 99 
pea eee Aug. 6-Sept. 6. ..-- 311 | Peach foliage only.....-..---.-- 72 9 230 
eee June 30-July 16--- 181 Bead foliage, peaches, and 38 18 125 
apples. 
Gaaaseeee Septedaeeeaes aoe 216 | Peach foliage only......--.--.-- 6 4 206 
(a ee yuMe:23=29 2 ee 294°} Peach foliage, peaches, and 38 9 247 
apples. 
ascaseees Sept. 10-15.-.-..-- 127 | Peach foliage and apples-.-.---- 6 2 119 
Ue a eee (Oye NEY p eee oa RIM ie see CO Ses Se eseacmeeses<s2.5¢ 14 1 302 
1G) 2 Se a ae J irbita (dye l(a tia ere 120 | Peach foliage only after Aug. 30- 13 12 95 - 
TLV lace ele Oy; (Nasi ca te et Pe gh ate ete 487 112 1,779 


1 Jarred. 
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Taste LXXIII.— Mortality of hibernating beetles of the plum curculio, Barnesville, 
Ga., 1910-11—Continued. 


abe Hibernation material used and al M ee 
put in ibernation material used an fina : iss- c 
Lot No. Sante exposure. oe Alive. | Dead. ing. canlaee 
cage. tion. DAN. 
1910. 1911 
eee see Nov. 4 | Chips; exposed to rain.._.........--- Mar. 8 79 16 39 58.95 
QS ea CT aa do =.) Sodssexposed toyraims= 2223-2 se eee a COnaey 104 60 58 46. 84 
Bus Le Aer do....| Dry leaves; exposed to rain....-.-.- a Sloss ee 64 24 iil 64. 64 
Ci peeNra tas tay sD te do....| Dry leaves; sheltered_.........--.--- LC OM see 53 133 44 23. 04 
ieee a yee welll. do....| Hay; exposed torain:-...-...-...--- Pedoneee 113 3 9 90. 40° 
Geez Say aes do....| Dry leaves; exposed to rain........- Hal Ors es 111 59 36 53. 88 
NTE IPENN SE Ha do....| Bare dirt; exposed to rain........--- MEO KON Se 86 94 67 34. 81 
ESE a Neen es Goss sa i@hipss;shelitered age aes a> een Pr douees 1 100 18 . 84 
(OIE RNIN ees I Ba do....| Dry leaves; exposed to rain.....---- Sedoleze 2 127 173 - 66 
LOVE Ae OA e Ns do....| Dry oak leaves; exposed to rain...-- Bee COmee 35 3 57 36. 84 
MBO Beast Sogo Wels see tag oe ge ate 648 | G19] 512 | 136.42 


1 Based on totals. 


Observations on the hibernation of beetles were also made by Mr. 
Hammar during 1910 at Douglas, Mich. To determine if any indi- 
viduals lived over two seasons, a lot of beetles, 1,591 in number, 
were placed in rearing jars as collected from the trees between May 7 
and June 30, and before any beetles of the new generation had 
appeared. These were supplied with food during the summer and 
fall until hibernation. On May 10, 1911, the contents of the cages 
were examined and the sand sifted, and 1,400 individuals recovered. 
No live beetles, however, were found, though some were alive in the 
fall. This indicates that the beetles do not live over a second winter. 

A lot of beetles, 610, reared from fruit in the laboratory during the 
summer of 1910 was placed in a rearing cage in a protected place out 
of doors and fed until hibernation. At the final examination, May 
10, 1911, 416 dead beetles were found and the remains of a few dis- 
integrated individuals. The live beetles unfortunately had escaped 
through an imperfection which developed over winter in the cage. 
These figures, however, give a winter mortality of about 70 per cent. 


PERCENTAGE OF FRUIT PUNCTURED OR INFESTED BY THE 
PLUM CURCULIO. — . 


In a general way it has long been known that the curculio, through- 
out its area of distribution, injures or destroys a large amount of 
fruit each year. The amount of injury will vary from season to 
season, and will depend more particularly upon local conditions in the 
orchard. Injury will be notably worse in uncultivated orchards and 
where good hibernation quarters are afforded the beetles. Cultivated 
and sprayed orchards suffey least, though in well-cultivated, southern 
peach orchards the pest is often quite destructive. In connection 
with spraying experiments during the past several years, the per- 
centage of fruit injured by the curculio on untreated trees has been 
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determined for various fruits and localities by actual counts of fruit. 
Typical data of this kind are furnished in the tables following. Not 
all fruit punctured is worthless, though its market value is reduced. 

In Table LXXIV are given data on amount of fruit infested by 
larve from specified trees in several localities in Georgia and in Penn- 
sylvania, including both drop and picked fruit. On account of the 
difficulty of determining punctures in the peach, only actual infesta- 
tion was noted, mostly of fallen fruit. 


Taste LX XIV.—Percentage of infested peaches for the season, various localities. 


Fruit from ground. 


Localities. Season. Variety. pies 
eee Sound.| Total. 
Mayfield, Ga..-..-----.:.------- IOS |) Lolo eo esate aoncmaee 5 328 229 557 
Marshallville, Ga_..........-..-- UGOS 4) Weystol IRINGrs Sos She ce ssoedece 4 167 467 634 
IMivatles Gales t= San ohare sete ac t= - 1906)3|) Bellefot Georsialsi=e = ae 12 231 238 469 
AGING TONG VAs esc oe sce css es 1906 | Miscellaneous. --.-.----.---.- 5 593 | 1,495 2, 088 
INoninebast was fle osteo fc. LOOG A iomecdneses eke seen ee aes 8 | 2,522 941 3, 463 
IDO} pe aeS serie aeeans Oa See 1906 JE0DNS Clotihle oo see ceo saaosaae 4 831 171 1, 002 
Total and average per 
CEN OMNI eee seca sese cece | Oceec cesses senses ce leeicee cece n cee. 4,672 | 3,541 8, 213 
Fruit from trees. Per- 
Total centage 
Localities. Season.| Variety. Hass ine | otal | infested 
Used. sound. 
In- Sreagl.|| Morell fested. for 
fested. i i season. 
Mayfield, Ga......- 1907 | Elberta......-.- 5 518 113 631 846 342 (AGPAL 
Marshallville, Ga...) 1908 | Red River.....-. 4 100 |} 2,264 | 2,364 267 | 2,731 8. 91 
Myrtle, Ga.....---- 1906 | Belle of Georgia- 12 264 895 1, 159 495 1, 133 30. 40 
Arlington, Va.-..---. 1906 | Miscellaneous... - 5 35 489 524 628 | 1,984 24. 04 
North East, Pa....| 1906 | Sneed. ..-...-.- 8 0| 2,200} 2,200) 2,522 | 3,141 44.53 
WOR Rescues. SS 1906 | Hills Chili ..-.. 4 0 848 848 831 1,019 44.91 
Total and av- 
erage per 
cent of in- 
lin ysccesss4] sea aseee | Roeoeeepaeee sacle eaceseda 917 | 6,809 | 7,726} 5,589 | 10,350 35. 06 


As shown in Table LX XIV, the percentage of infestation to peaches 
in the several localities varies from 8.91 to 71.21 per cent of the total 
crop produced, with an average of 35.06. These figures represent the 
actual proportion of the crop destroyed, since it includes only infested 
fruit. The total number of infested fruits from the ground, 4,672, 
exceeds notably that infested on the trees, 1. e., 917. The percentage 
of drop fruit infested is 56.87, as compared with 11.86 per cent from 
the trees at picking time. During seasons of light crops practically 
all of the fruit may become infested when small and drop, though 
during years of full crops the thinning out by the beetles is not 
especially important. . 

In Table LX XV is shown the condition of the drop fruit for the 
season from 120 Elberta peach trees at Siloam Springs, Ark., during 
1908. The fruit at picking time was by mistake of orchardist 
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removed before records could be made of condition of same. The 
percentage of infestation, 11.25, is notably less for drop fruit than 
shown in the preceding table, 56.87, due to the greater scarcity of the 
beetles. 


TasBLeE LXXV.—Percentage of injury to drop peaches, Siloam Springs, Ark., 1908. 


| 

, satel 2 Fruits 
’ Dates fruit was collected. Fruits. sagrestindl: 
IN DMCS sooo guonso sacousesesaccsseencdssecsne no sassoE aaceorcosecosbeoneasdes succes 2,500 1, 481 
MEN) Os cis gcipaondde sso oduscubos su cbadsnoDSdeses ore eBososcshenegnApoeetocmoke soccer 6, 500 674 
WGSNGss Seas st see serge Sea ho ence ees iomere apie ee one es eae el ney ee ey a 30, 840 1, 658 
A Ue Se eR eee SES me an eye ea Seg tier SAPS aE IE Ana a oe oe 7, 200 958 
Pi eos eee RE atte eRe ae SAE AE Ie ee op nas BU aE ance eam thes Saee sae o6S 2,400 301 
BOL ox eer eeeraid, Heels, Soy Tess Seale tehe toa es Syate iS Se Ce ISIE lai Pe eS ERE See pete 498 89 
JUNE. (3's isrste sec sea dosmasse nde sktios fe es alee eis See ce ee Oe Ee eee 198 80 
Bak aoe bya ere SOE Dae eas ARIE ays ats Susy alees Sraseie et Ste a eas te ca ne a | 135 56 
De I a che hansen ir sarah ten ai or Ra Se Feet RISE ean an oa ict a oooh 251 67 
ily (eee ERE er cen SER aU We ne MEME E epee pg es SANA Ne el Ne a oR Se 68 19 
DD Rta a dite Lee a5 Sie BR ESS ESIC OO OSS Se Re Bee 101 25 
Oe ae Bees ts OU SEE ete BE CSE GRAS On or Eee e aCe a ocho nasnubnasoeduseuecscuoos 21 7 
Diy nde ei ee EGS tS GN ie fe ee ie ae i ee ere eg ae 16 2 
Ben tea Ra arts er re Ae ee EE Cs eee eee a5 eg ae aameweee 41 15 
SU ee FS ee IE Ese Re Se ai SRE 9 Sl a ss ne a eevee 2 YI aa 90 50 
1 UG nett ee an ne lly ps ac Meee re ewe a niet NE noe Beha sai eek © 104 30 
DOD EE ae tn as tgs UAL phe LE A gL Es ar Ng Ato, MRE ER rae 689 300 
DB rk Se ER Ra a a a ee Aceh ae ens SLC re Sas an a 648 87 
PS Nt eh te rere ee SCNT ae ee ene ne aaa IMM AGRE Re Enna Adie toa, 328 21 
£4 B02) Le am eee ERR ae ey ROR ta RO es APL AERO REE SESE sti ar Foc 52, 628 5, 920 


Average per cent of infestation, 11.25. 


The degree of infestation by the curculio of all fallen fruit for the 
season from 10 peach trees in the District of Columbia is shown in 
Table LXXVI. The percentage of infestation, 44.73, closely 
approximates the averages of the figures in Table LX XIV. | 


Taste LXXVI.—Percentage of injury to drop peaches, Washington, D. C., 1908. 


Number | Number 
Dates fruit was collected. of of fruits 
fruits. | infested. 


676 342 
2, 500 1, 202 
902 290 
247 124 
79 12, 

4, 404 1,970 


Average per cent of infestation, 44.73. 
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Extent of injury to miscellaneous sorts of plums is indicated in 
Table LXXVII. Records were made by gathering the specified 
number of fruits here and there from the trees or from the ground. 
It is regretted that similar data are not available from more northern 
localities. 


Taste LXXVII.—Percentage of injury to plums by egg and feeding punctures, various 


localities. 
? : Fruits Average 
‘ j Dive ek us with Unin- eee percent- 
Localities. Varicties. . ' 88 | feeding | jured age of Remarks. 
lected. punc- = : ber of P 
anes punc- fruit. Fait _ fruit 
tures. injured. 
1908. 
Myrtle, Ga_..-- Apr. 9 22 14 164 DOOR ats 222 From trees. 
IDO) See d 13 37 14 49 Do. 
DOS sess 20 43 6 51 2 Do. 
D@SsasesSe 22 36 10 4 From ground. 
DOR ess A 2 30 36 5 9 : From trees. 
ID Os AaSiaees 30 43 4 3 Denese eaten ‘From ground. 
Dore: May 8 36 4 10 EO Esaosoosee | From tree. 
It) OSM 8 32 5 13 BOW assesses From ground. 
AD) Ose er 31 22 5 23 5Oiles2ees aces From tree. 
iD) Oe a5 31 34 4 12 BO eee eee From ground. 
IDYo viet Aes June 6 27 3 20 SO ieee a eee From tree. 
WOOP sees. 22 6 40 8 2 G{0)e Beesersene From ground. 
DOR: ae 11 28 2 20 0) |Papeerease From tree. 
WOseeaceee Apr. 9 4 6 90 OW eae eponces Do. 
IDO seeacesae 14 61 13 26 100) Ishecescoce Do. 
IDO anes May 7 3 5 17 OHS Macc erie Do. 
ID Osan aeaee 32 Boleeeeras SiS lGerioomccec From ground. 
1905. 
Arundel, Md_..| Burbank....| May 9 33 12 55 TO) Sees oeoeee From tree. 
IDO saeeeke on aes CW ssscce 9 63 25 112 200i eee Do. 
Riverdale, Md.. (2) 26 lily 4 18 IGN eeceeEaaen Do. 
ID OPM ii (?) 26 TO os ae 2 DME. Secs gees From ground. 
Bennings, D.C. (2) 22 30 9 61 100) legone ae Be From tree. 
IDOE sees > GS) 22 35 10 5 OE |e eee From ground. 
Motaleionzailsle* 2 s2—-coencls-2cece soe 936 171 766 | 1,873 59. 10 
localities. 


In the above table the figures for injury show merely the number of 
punctures. While most of the fruit punctured would fall, not all of 
it would do so, the fruit more or less outgrowing the injury. The 
average percentage of injury, i. e., 59.10, is therefore perhaps a little 
high. 

The extent to which pears may be punctured is shown for two 
localities in Table LX XVIII. As elsewhere explained, the real injury 
to such pears as Le Conte and Kieffer is small, as the thinning of the 
young fruit is in most cases desirable and the punctures are mostly 
outgrown by the fruit on the trees. 
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Taste LXXVIII.—Percentage of injury to pears by egg and feeding punctures, Georgia 
and Maryland. 


: Fruits Average 
Fruits 5 . Total 
is Bea sain Date col- | with egg UE a hee | aise || Cea 
Localities. Varieties. 5°! feeding | jured age of Remarks. 
lected. punc- fruit. | Perot ee 
IES punc- ruit. | frenit _ fruit 
tures injured. 
1906 
Myrtle, Ga._-... LeConte...-| Apr. 9 11 Mle 182 200) mete een From trees. 
Door sealseoee donee UA ese alse 12 188 200 Sis eae From ground. 
D Osea sea does 14 Tic lSstey Serseoeer 93 TOO ee sees From tree. 
DOS oee ese dos: 14 4 10 86 TOQUE aces From ground. 
Dow kA ae dosss 20 11 4 35 50; ees eee From tree. 
DOssee Vee a eee Ghose ee 20 4 2 44 50/4 eeeeae From ground. 
DOU en ea ss dora May 2 19 3 28 5 Oi Se ees From tree. 
DOs eee Ree GOs dees 4 10 ! 3 37 504| eee From ground. 
Dore ss eee eee Gowers 31 7 8 35 (a0) Saree eS From tree. 
DOR tees Keiffer..---- Apr. 4 18 22 160 Do. 
OSes eee (geese 9 18 9 173 Dos 
DOsee sect a a|te nee Oe ese 9 3 5 152 From ground. 
ND Yoysee sess te area donates 13 2 12 59 From tree. 
DORE Ee ees don 13 9 7 84 From ground. 
ID Oem agen elleeS Glove ee 20 25 2 23 From tree. 
UD) ON eis aa et donne 20 13 3 34 From ground. 
IDO LURE ero ae dose May 2 16 5 29 From tree. 
DON RD sales @Os 52 sis- 4 18 7 25 From ground. 
TD Oe ea Uae ps Se Gorey ee 3l 10 12 28 .| From tree. 
Arundel, Md._.| Bartlett... .- IIe a a | Her rata ee 25 Do. 
DORA Aare Keiffer--__..- a D21gh We ee anpee ny (Recast 42 Do. 
Totaled es ees ate aeere nn oe eee 232 133 1,562 
averageper 
eent of in- 
jury for 
both loc_li- 
ties. 


The extent of injury to apples in several localities during 1908 and. 
1909 is shown in Table LX XIX. These records are from unsprayed 
or control trees used in spraying experiments and demonstrations 
against the codling moth and plum curculio, and are further referred 
to under the heading of spraying apples (p. 193). 


TasLe LX XIX.—WNumober of egg and feeding punctures and percentage of injury to apples, 
including drop fruit and fruit from tree, various localities, for seasons 1908 and 1909. 


Aver- 
Feed- Total 
Egg . . age per- 
Localities. Variety. Date. Tree pune- | 8 Injured) num- centage 
No. | ; punc- | fruit. | ber of 5 
tures. | tures fruit of fruit 
* linjured. 
Anderson, Mo.....--- Lansingburg.....- Season 1908. 1} 1,486 438 166 1€9 
TD OE ae oe ee Aen omens toeee- Season 1908 - 2) Ab e2 542 298 308 
DOs sees Dalen ae GOS ce aes Season 1908. 3 | 1,492 381 219 235 
DO) Sear erates Betula ag Gort esa ne Season 1908. 4 1,615 448 284 298 
AD) eye): Sa aay ants | eee Gotss Gosh ees Season 1908- 5 1,910 539 389 400 
DOLL Ses Sone e a eae GO se se soe Season 1908. 6 1, 882 573 344 368 
DO rhe ese e ese eae sieed GOR Mee ee anes Season 1908. 7 | 2,547 907 544 585 
WD Oe ates cee eee eee CO Nees Ae eae Season 1908. 8 | 2,142 599 484 516 
BD Yo epee See Ue aie Gosia ome. Season 1908. 9} 2,021 752 566 626 
Motalamdianen='|eo sss cereal eeseere rae eis eeenel cla sent 16,657 | 5,179 | 3,294] 3,505 93. 98 
age per cent 
of injury. 
Douglas, Mich-..-..-- Ben Davis. --.---- Season 1908. 1 538 301 274 751 
DOW ase SeNe aes hes Goes ese Season 1908. 2 916 282 316 592 
DO. Seater eee tee Go Ears Season 1908. 3) dat 740 528 944 
DOs tee Hubbardstown....| Season 1908. 4} 1,778 780 458 933 
DO ee ee UE GOe ea ae Season 1908. 5 | 2,343 1,121 1,012 | 3,003 
DORs Skaees eee Oldenberg...-..-.-- Season 1908. 6} 9,482 891 | 1,079 | 1,182 
DO Sees Se RINE ae CLOSE SES He a kes Season 1908. Gaara Goi 495 | 1,285 | 1,682 
Total’ anG aver |e. Se sakes one Neca eece sesame alee ee 20,925 | 4,611 | 4,952) 8,987 55. 10 
age per cent 
of injury. 
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Taste LXXIX.—Numober of egg and feeding punctures and percentage of injury to 
apples, including drop fruit and fruit from tree, various localities, for seasons 1908 
and 1909—Continued. 


Aver- 
Feed- Total 
Hee |. ‘ age per- 
wie . Tree ing j|Injured} num- Z 
Localities. Variety. Date. une : centage 
J No. Perea panes fruit. bene! aiicnit 
ures - linjured. 
Westfield, N. Y.-..-. Baldivis aaaeeee a Season 1908. 1 139 52 181 748 
IDO. Se Se Rei oen Ey (eee GOs ae ear ee Season 1908. 2 169 140 298 | 1,518 
ID YO ysl Se Ce SNE Ea area GOs ee enone Season 1908. 3 119 62 283 881 
JD NG)S, £2 SS eas a een es |e eee GOR eee aie Season 1908. 4 147 65 212) 1,100 
IDO S36 Sage eer (loyal a Season 1908. 5 191 121 286 838 
BAN onteen tea ley. ae ie ere oe ope pe Ite teva es Apts lly et ee, 765 440 | 1,260 | 5,085 24.77 
age per cent 
of injury. 
Crozet; Vases 22. - 55.2 Yellow Newtown.| Season 1909. 1} 1,670] 1,076) 1,255} 3,423 
IDO..5 saan See aael eee COO} Zoe pos Arete ree Season 1909. 2a lele2G 944] 1,571 | 3,682- 
LDYG). SSS ip TRS eee a COS ne eeeee Season 1909. 3 479 226 437 816 
AID) coterie, Seems ak dR COR ee et Season 1909. 4 631 331 531 1,016 
IDOE E Sa Sen enn COM a etl ese Season 1909. 5 1, 419 1,071 1,415 | 3,111 
IDO se ee Rees ee LOE ars Season 1909. 6 1, 068 871 1,193 | 2,988 
BLD Ore pee es | OBS cee! Season 1909. i 1, 483 865 1, 285 2,091 
TDs, espe ae ee OE. Season 1909. Bi) Dong 695 | 1,098} 1,980 
moval Gavelas|te eee ce os cee aale nee ese lL ea cias 9,497 | 6,079 | 8,785 | 19,107 45.97 
age per cent 
of injury. | 
Fisherville, Va_....-- WATeSapaeeeeee oes Season 1909. 1| 1,326 536 | 1,350 | 4, 463 
IDO2 Se SSee eee eee OER eee Season 1909. 2 727 389 799 | 3,134 
IDO) es oo ee Cots erat Season 1909- 3] 1,718 BS || isa} |) a), Gai7/ 
IDO NS eee ae done: es Season 1909. Al i578} 378 | 1,420) 4,055 
IDO see a otepescaee eee Goesen: a = Season 1909. 5 | 2,793 795 | 2,307 | 5,892 
IDOE SS ASS See ee CORRS saosse vee Season 1909. 6 1,019 206 803 2, 244 
Ui Opell rearn Gl peng Tm |e este ene rates RL elles ee ar 9,156 | 2,822 |) 8,057 | 23,325 34. 53 
age per cent 
of injury. 
Mount Jackson, Va...) Ben Davis....-.... Season 1909. 1) 5,119) 2,217) 3,186] 3,926 
IDO Se ese Soe ee Ss) Bee ClOFBS So eeauuns Season 1909. 2) 35545 952 | 2,226 | 3,109 
IDO) Sse fone ee eae Got ee ees Season 1909. 3 | 1,703 509 | 1,079] 1,840 
aD) OMe eee se.o|eccicte GlSeeen acme Season 1909. 4} 2,179 709 1, 226 1,508 
HD Oe ee | Soote COL oat nacete Season 1909. 5 | 3,723 1,307 2,399 |} 3,189 
IDO Jone ee eae es eee does e eene se Season 1909. 6| 4,113) 2,009] 2,823] 4,153 
IDO 253 55 Ase eel meee GO eee nee ‘| Season 1909. WZ Ss | S233 |) SR ilil || 4, weal 
iD) Ome eee ano Goer a eee Season 1909- 8 |} 3,785 | 1,199) 2,107} 2) 795 
Morahan Gray elas sears a he ease aie aet aso ee oe ellge nce 29,708 | 12,140 | 18,657 | 25,641 72. 72 


age per cent 
of injury. 


The injury indicated for apples 
of the total crop, both dropped 


largely outgrown. 


fruit, would possess considerable value. 
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and picked fruit. 


ranges from 93.88 to 24.77 per cent 


It is not to be 
inferred that the figures indicate the actual amount of fruit lost 
from curculio attack, since in many instances in the case of fruit from 
trees there would be but a single feeding puncture, or an old egg scar, 


Such specimens, while unfit for fancy market 


There are many factors which taken collectively exert an important 
influence on the numbers of the curculio, as unfavorable conditions 
during the winter, drought during pupal period and time of emergence 
of beetles from the soil, scarcity of fruit for oviposition due to frosts 
or other causes, and the influence of parasitic and predaceous enemies 


and disease. 


Notwithstanding all of these, the insect is able to main- 
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tain itself most successfully, and puts in its appearance in the spring 
in numbers with much regularity. Under favorable conditions for 
development, as in neglected orchards, they often become excessively 
abundant, but for any locality do not show as a rule any great varia- 
tion in numbers from season to season. Although the curculio in 
its egg, larval, and pupal stages lives well protected—as in the fruit 
and below the soil—yet it is subject to the attack of several species 
of parasites. 
PARASITIC INSECTS. 
(Anaphes) Anaphoidea conotracheli Girault. 


Only one parasite of the egg of the curculio is known, namely, 
(Anaphes) Anaphoidea conotracheli Girault, first reared by the senior 
author in 1902 at 
College Park, Md., 
and next from ma- 
terial collected in 
1905 at Fort Valley, 
Ga. (See fig. 25.) 
The description of 
this species by Gir- 
ault will be found 
in Entomological 
News. These mi- 
nute insects, barely 
visible to the naked 
eye, are quite active, 
jumping readily 
when disturbed. 
This parasite ap- 

Fig. 25.—(A naphes) Anaphoidea conotracheli, an egg parasite of the pears to be widely 

plum curculio. (Original.) distripnes d, and lies 
been reared from eggs of the plum curculio in the fruits indicated, 
from the following localities: 


—> 


ZU 


V 


TaBLE LXXX.—Records of rearings of (Anaphes) Anaphoidea conotracheli, various 


localities. 

Localities. Date. Fruit. 
Berlin. Contes esa. haere see ee Vial BalEE MW ccosaedscesosconsac Plum. 
Washington, Di Cust ae sear eeens May 9- 31, LOOSE ee ake ae Plum, apricot. 
College Park, Mid ee Seana enee iene July 22- 29, 1905 33a eee Apple. 
Riverdale, io MIRON eel ag May 3-J uly DA LOS io se ates) Anes Apple, plum. 
Arundel, Nene ot Si ike ne May 16-June 15, ROO Se ie eee es Peach, pear, plum. 
Arline toni Avia see hoes eta ce June 13-July 13, LQO SE Ne apa Peach, cherry, apple. 
Alexandria, VC Ne Vactee res aais, SoBe June 15-16, 1O05 Ua yi Wepie ecea Apple, cherry. 
East Falls Church, Va.. Sto S| EAM OD SOO Deen ate crags creeper Apple. 
Wichoria Dex nese ears eee cee dwn) 155 WOH. a sece conse. sosccece- Plum. 
Tryon, NGA Chop eal en. Te ge Case a Mary 20s O05NsRe eS eee ea eee Do. 
Lexington, So a fs A eo pees AUN Ty MOOK she secnessecceenses- Do. 
Ardmore, Ona. Lorine Rus May 30, 1905..... BN Aen ESE Ee Se Wild plum. 
Fort Valley, (CLINGS Seema abe amnion May 9-June 28, 1905..............- Wild plum, Japan plum. 
Myrtle Grate. 20s esa an eg Oe eee Apr. 26-May 13, 1906.............- Wild plum. 
Charlottesville, Vis eee rae ee Maya: 1905s eh kee ala eee ae Apple. 
Barnesville, Gat ala nas Gace nea Marya al7—26 50 1911 0 hae nee Wild plum. 


1 Ent. News, vol. 16, p. 220 (1905). 
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From the records from localities in the environs of Washington, 
(College Park, Riverdale, Arundel, Md., and Arlington, Alexandria, 
and East Falls Church, Va.) it would appear that the insect is out 
Ovipositing nearly coincident with the period of oviposition of its 
host, namely, May 3 (Riverdale, Md.) to August 12 (East Falls Church, 
Va.). Rearings have been made from eggs in various fruits, including 
wild and cultivated plum, and it is probable that the parasite will 
search out eggs in any fruit used by the curculio for egg laying. 

Tn its distribution the: Anaphoidea is seen to range pretty well over 
the Eastern States, and rearings from Ardmore, Okla., indicate its 
occurrence in the Southwestern States. The insect probably follows 
its host, though no data of note are at hand as to its distribution in the 
Mississippi Valley and Middle-Western States. 

In several instances it was possible to determine the percentage of 
parasitism of the eggs. Thus, in a lot of eggs from Arundel, Md., in 
plums collected from trees May 9, 62.8 per cent yielded adults of the 
Anaphoidea. In another lot from the same locality, on the same 
date and host, the parasitism amounted to 70.76 per cent. A lot 
from Berlin, Conn., in plum, gave about 85 per cent parasitism. 

At Myrtle, Ga., eggs in wild plum collected May 16 gave 10 per cent, 
and another lot taken May 1 gave 16.6 per cent parasitized. From 
Bennings, D.C., a lot of eggs in plum taken May 31 gave 12.2 per cent 
parasitized. 

Of 36 eggs collected at Barnesville, Ga., May 17, 36.11 per cent 
gave out adult parasites. In a lot of 28 eggs collected May 19 the 
percentage was 46.43, and of 97 eggs collected May 26 the percentage 
producing adult parasites was 56.70. In these three lots, if account be 
taken only of the eggs which either hatched or gave out adult parasites, 
the proportions parasitized would be 46.43 per cent, 76.47 per cent, and 
91.66 per cent. Five eggs in these lots produced two parasites each. 

Certain observations on the habits and biology of the Anaphoidea 
parasites, made by Mr. Girault, are of interest, especially in view of 
the paucity of our knowledge concerning these minute creatures. 
Parasitized eggs were found to maintain their normal pale white 
color until within two days of the emergence of the parasite, at which 
time or a little later the large reddish eyes and the three reddish ocelli 
between them become evident and the general outline of the parasite 
becomes discernible. Gradually the parasite becomes dusky and a 
few hours before emergence almost entirely black. The time required 
for the development of Anaphoidea from egg to adult varied from 
9 to 11 days, averaging approximately 10 days. Thus during the 6 
to 8 weeks of egg laying of the curculio there would be time for six or | 
seven generations of the parasite. 

_ QOviposition was observed several times. In a typical instance, 
the female carefully examined the egg puncture, which was two days 
old; the long flexible antennz moved alternately up and down very 
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rapidly, tapping the plum. After an instant of greater excitement 
she suddenly stopped, with body raised, holding the antenn straight — 
and rigid before her. The slender ovipositor was quickly inserted, 
the tip of abdomen being bent cephalad for the purpose. Oviposition 
occurred within 30 seconds. In removing the ovipositor the antenne 
were lowered partly beneath the fore-body, evidently as a help, and 
the abdomen quickly arched. 


(Sigalphus) Triaspis curculionis Fitch. 


The Sigalphus parasite of the curculio (fig. 26) was first discovered 
by Dr. Fitch, and a description with figure of the female published 
in the Country Gentleman for October, 1859 (p. 221), and also in the 
Albany Cultivator in October of the same year. A more extended 
account is given in his address ‘‘On the curculio and black knot on 
plum trees,” delivered before the New York Agricultural Society in 
1860. The specimens upon which the description was based came 

from D. W. Beadle, St. 
ae iV Catherines, Ontario, and 
We had been reared by him 
\ f from black knot on plum 
trees which were infested 
with curculio larve, the 
adult curculios appearing 
in numbers in the rearing 
jars. The fact that the 
black knot is also infested 
Fic. 26.—(Sigalphus) Triaspis curculionis, an important parasite by the larvee of other in- 
of the plum curculio: a, Male; 6, female; c, antenna. (After sects, especially that of 
ea the so-called plum moth 
(Enarmonia prunwora Walsh), casts doubt on the exact host relations 
of the Sigalphus. In fact, Walsh in his report as acting entomologist 
of Illinois ridiculed the idea that the Sigalphus was a parasite of the 
curculio, and this doubt was not removed until 1870, when Dr. Riley 
reared the insect in large numbers from curculio larve placed in jars 
in carefully sifted earth. 

Little has been added to our knowledge of this insect since the 
observations by Riley. Prof. Gillette, in Jowa Station Bulletin 9, 
page 378, gives some interesting notes on the insect; he found it - 
quite common in the vicinity of Ames during the summer of 1889. 
The variety rufus Riley, later mentioned, was four times as abundant 
as the true curculionis. The substance of the same article was also 
published in the Canadian Entomologist, volume 22, page 114 (1890). 

The Sigalphus has been reared by Fayville and Parrot, in Kansas, 
from larve of the potato stalk weevil, Trichobaris trinotata Say 
(Kansas Station Bulletin 82, p. 12), and the parasite is recorded 
from the same host by Dr. Chittenden (Bul. 33, n. s., Bur. Ent., 
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U.S. Dept. Agr., p.17). The insect was reared from the cotton boll 
weevil (Anthonomus grandis) at Calvert, Tex., and is doubtfully 
recorded from Conotrachelus juglandis Lec. Specimens of curculionis 
were also received from Prof. A. H. Conradi, Clemson College, S. C., 
in 1908, and from Prof. Fred E. Brooks, Morgantown, W. Va., Jan- 
uary, 1907, who had reared them from Balaninus sp. As stated by 
Mr. W. D. Pierce (Journ. Econ. Ent., vol. 1, p. 386), it com- 
monly attacks Conotrachelus elegans Boh., at Dallas and Victoria, 
Tex. At Four Mile Run, Va., it was reared from Trichobaris trinotata 
Say in eggplant. Riley records the Sigalphus from a stalk-borer 
in Ambrosia (Ins. Life, vol. 2, p. 353). In West Virginia it has been 
reared in abundance from Conotrachelus affinis Boh. and in lesser 
numbers from C. juglandis Lec. (W. Va. Agr. Exp. Sta., Bul. 128. 
p. 182). 

This, so far as the writers know, is the complete host list of the 
species, and Sigalphus is so much more common on Conotrachelus 
nenuphar that this is without doubt its principal host. 

(Sigalphus) Triaspis curculionis is of general occurrence througn- 
out eastern North America, its range probably being coextensive 
with that of the plum curculio. A list of localities, with dates, of 
rearing, is given in Table LXXXI. 


TaBLE LXXXI.—Distribution of (Sigalphus) Triaspis curculionis, with dates of 


rearing. 
Localities. Dates of emergence. Localities. Dates of emergence. 

. New Haven, Conn. Baris July 12-18, 1905. Fort Valley, Ga...-...- May 22-July 3, 1905. 

Youngstown, N pea July 14-Aug. 18, 1905. Mey cle Gas nee estes June 10, 1906. 

North East, ae oa vee July 8-14, 1906. Barnesville, Ga.......- May 23-June 30, 1910. 

New Richmond, Ohio..| June 24-July 12, 1907. Lake City, Fla......... May 23, 1905. 

East Lansing, Mich. ..-| J uly 21, 1905. Hampton, Fla........- May 31, 1905. 

Valparaiso, Ind. . July 18, 1905. Garrison, Tex.......-_- June 15, 1905. 

Arundel, .-| June 21-July 26, 1905. IMe@xd a exes ono e e ne a e June 18, 1905. 

Riverdale, Md.. .-| June 16-July 6, 1905. Siloam Springs, Ark..-/ June 3-July 18, 1908. 

Washington, D. Cua! May 22-July 17, 1905. Bentonville, Ark....... June 24-26, 1906. 

IDO) So seen June 24-July 30, 1908. OzarkesAr kee es ee se June 21-July 8, 1905. 
Arlington, Va........-- June 2-July 30, 1905. Salina, Kans..........-. July 22, 1910. 
Winchester, Va........ June 15-17, 1905. Grand Island, Nebr....| July 18-22, 1910. 
Raleigh, N.C.......--- June 20, 1905. North Platte, Nebr... -. Do. 

Mryouy NaC ss-22. sec: - Do. 


Localities in literature: ° 
St. Catherines, Ontario (Fitch). 
St. Louis, Mo. (Riley). 
Ames, Iowa (Gillette). 


The insect has been reared oa many localities during the past 
four or five years, exclusively from plum curculio larve, bul never 
in noteworthy numbers, although the degree of parasitism in a few 
eases reached 25 per cent. This would vary, perhaps, depending 
upon when the infested fruits were collected, as larve are parasitized 
principally i in early spring. In three te that covered the entire 
season the average infestation was 2.78 per cent. 

In connection with the records of emergence of larve from fruit 
for the season in the insectary yard and other data (see p. 62), ac- 


144 THE PLUM CURCULIO. 


count was taken of the emergence of this parasite from the soil boxes, 
as shown below: 


Taste LXXXII.—Record of emergence of (Sigalphus) Triaspis curculionis from plum 
curculio larve for season, Washington, D. C., 1908. 


| Percent- | Percent- 


Percent- 
Date age of age of 
Lot No larvee pou ae Sigalphus pee Beetles | larvee | larve 
: placed in 2 6 cil emerging. SITS emerging.| trans- unac- 
soil. : ee Ba forming | counted 
é to adults. for. 


Aug. 1 SOO HRe aeeetck | Aetenmeene 185 21.51 78. 49 


Mota se JSS ss5e 55. e a Reese eee 6,025 101 1. 68 1,113 18. 47 79. 85 


The percentage of parasitism, it will be noted, varied widely— 
from less than one-half of 1 per cent to 11.11 per cent on June 4. The 
average percentage of parasitism for the season is small, and it seems 
probable that the insect during 1908 was less abundant than normal. 

Similar records of parasites emerging from lots of larve taken over 
the whole season from Elberta peaches were made at Siloam Springs, 
Ark., during 1908, as set forth in Table LX XXIII. 


TaBLe LXXXIII.—Record of emergence of (Sigalphus) Triaspis curculionis for season, - 
Siloam Springs, Ark., 1908. 


Percent- | Percent- 


Sigalphus “ageot Beetles oe Tee 
‘ “6 7 o) re , 
Lot No. Date laryee entered soil. Larve. emerging. a ue emerging,| _trans- inne: 
Ce oe forming | counted 
3 to adults. for. 
1 Pear an A Rey ga PSU ee pies eee ae 328 3 0.91 50 15. 24 83. 85. 
Zoe ee May 17-19..... RonSeaeReeeee 573 18 3.14 124 21. €4 75. 22 
eel een May 20H 22 eink rue Sane: 965 21 2.18 131 13. 58 84. 27 
Ae ee a (Miaiy 282.5 ei. Mee eee sysieeoee 550 19 3. 45 123 22. 36 74.19 
EES Sees May. 26-28 Nee see may eise 629 18 2. 86 253 40. 22 56. 92 
Geese May i290 Salen si eA een oa os 719 7 97 211 29. 35 69. 68 
ERA ees DUNE MS Se ie alee. eee ees RS §32 eno) - 94 293 55. 08 43. 98 
Bes aoe ese UIT YAH Oe eee ere ee reer erate 449 1 - 22 124 27. 62 72. 16 
CER aoe. JULIO SAUDE sacs eR eS tate 2 304s Ee Soe alee eee 102 25. 89 74.11 
1 ee et JUNC Sone eee enee er seee ee 107 4 3. 74 49 45. 79 50. 47 
125. Sess ee JuMe MG=18 ee eee 2 81 4 4.94 50 61. 73 33. 33 
Use ieee aae fib bayeya Werle ee a camoe 61 2 3. 28 34 55. 74 40. 98 
4-23. es ee Jume 22—Aug. 13---2. 2-22 --.- Chie SABER eeea Gee saeaae 230 36. 11 63. 89 


TPotala|sese hoo. es pee eens aetene | 6,025 102 169 1,774 29. 44 68. 87 
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Here also the percentage of parasitism varies with the different 
lots, but is less than in case of material from Washington. The 
average parasitism for the season was 1.69 per cent, approximately 
the same as that from Washington. This would be of but little im- 
portance as affecting the abundance of the curculio. 

At Barnesville, Ga., in 1910, data of the same character were ob- 
tained from all the larve infesting the fruit on a block of 31 Elberta 
peach trees during the season, as shown in Table LXXXIV. These 
data show a considerably higher percentage of parasitism and also a 
larger percentage of larve transforming to adults, with a correspond- 
ing decrease in the proportion of larve failing to produce either para- 
sites or beetles. This was doubtless due to a more favorable condi- 
tion of the soil in the rearing cages. 


Taste LXXXIV.—Record of emergence of Sigalphus curculionis for season, Barnes- 
ville, Ga., 1910. 


Nusmalnar || Bescenik Percent- | Percent- 


; Number age age 
Date larve entered | Number | 0! Sigal- age __ | ofbeetles| of larvee | of larvee 
Lot No. phus of larvee 
of larvee.| amere- arasit- | @™@ers- trans- unac- 
a 8 ee ing. | forming | counted 
8 to adults. for. 

I decsto Re oHEee eee 77 20 25.97 28 36.36 37. 67 

2s = TREE SC ea 457 96 21.01 182 39.82 39.17 

Bing Hs aes a eeeeae 566 47 8.30 276 48.76 42.94 

CSCC tee ae eee 240 11 4.58 105 43.75 51. 67 

SA PS orem clenwia Sl sie 209 8 3.83 109 52.15 44.02 

Gals Hee eee eeee aoe 272 11 4.04 170 62.50 33. 46 

Uses ie SS eR PY} 159 4 2.52 117 73.59 23.89 

(34.5 Seo rey erOSe a eeoe 192 4 2.C8 145 75. 52 22. 40 

0) Gee aH Sea See aera 142 3 2.11 101 GL 183 26.76 

WN be ae Sacks Gelert cee 190 7 3.68 108 56. 84 39. 48 
Hb epee Wem Fats. aal3 es 66 1 1.52 45 68.18 30.30 
1 SoS LeU oe Oss aeeeee 33 WH eaeeee sted 21 63. 64 36.36 
IS Meee Res ssc 28 OU eraeee 13 46. 43 53.57 
eee Se eee eee JUNE} 2-8 asset eee 26 1 3.85 15 57. 69 48. 46 
115 aes ieee ee June 9-Aug. 9..... 258 (al eee See 133 51.55 48. 45 
Motalee = sec. May 2-Aug.9..... 2,915 213 7.31 1, 568 53.79 38.90 


Observations on miscellaneous lots of larve at Youngstown, N. Y., 
in 1905 (see Table LXXXV) show a much higher percentage of 
_parasitism, the average for all lots being 18.66 per cent parasitized. 
These records, however, are not made from proportionate numbers of 
larve throughout the season. The parasites were perhaps at their 
ereatest abundance during the period under observation. 


TaBLE LXXXV.—Record of emergence of (Sigalphus) Triaspis curculionis from miscet- 
laneous lots of larve, Youngstown, N. Y., 1905 : 


Date 

Number of | Percentage 
Lot No. Peal Number of Sigalphus | of larve 

Son ; : emerging. | parasitized. 
lsc donete CoS EE Ses COc EBS noes SB tone ar BOE ee se es Page aaee J ue 27 10 ‘ 10: 00 
e Hass se Gokoe BEE SSS OEE DEE OSC SOS S HEC SESE S oc ase cab eeser Per COzae. 40 . 00 
ey Ss SOD CS CET Se RE oe es eR es A ete June 28 55 15 27. 27 
the 30 sg GBS BR OEE ES RE RUE EAS BARES eRe SURO Aa nee ee eee ui me 29 By 20 25. 00 
ee ee eee een Mok eaclide darts Suse cem tee ciel PEAGOe aes 8 40. 00 
Os oc Sue gap CRS GEE OEE O te Eee SAC aoe eRS ane pase eee amet lata doze 150 35 23. 33 
Tow 200 doce RS SIC ASE E EERE BORE SAO eRe oS) oe OER se July 1 150 20 13. 33 
OME et orate aere clare isiscis base misclewele ac Meaje ioe eta sce veers July 2 126 15 11.90 
QR eta 2 sas 2a ia ei ate wow ae Selsktscaaeeuaeessee July. 3 135 20 14. 81 
Hf ramen Red Oe teal Se AWer n tak bee July 7 70 14 20. 00 
DOD S a5 Seago ees ie eet Sea EOC: Ce yaad a eee ye 836 156 18. 66 


17262°—Bull. 103—12——10 
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In reality, however, the percentage of parasitism, as shown in 
these several tables, is too low, since it is based on the total number 
of larvee which were placed in pots of soil or other container. In all 
rearing work a considerable proportion of larve, aside from those 
killed by parasites, failed to develop to adults, from various causes, 
as immaturity, etc. Taking the total emergence of beetles and para- 
sites as a basis, the percentage of parasitism for the season of 1908 
at Washington, D. C., was 8.32; at Siloam Springs, Ark., 5.44; and 
at Barnesville, Ga., in 1910 it was 11.96. Even these figures are 
probably too low, since the removal of the infested fruit from the 
orchard to the laboratory must have prevented a certain degree of 
parasitism that would normally have occurred in fruit lying exposep 
in the orchard. 


(Sigalphus) Triaspis curculionis var. rufus Riley. 


This variety was described in his Third Missouri Report, page 27, 
by Riley, who states that it is slightly larger and differs so remark- 
ably from the normal form that were it not for the absolute corre- 
spondence of all of the sculpturing of the thorax and body, and the 
venation of the wings, it might be considered distinct. The great 
length of the ovipositor is very characteristic. Concerning this 
variety in Iowa Prof. Gillette observes (Canadian Entomologist, 
vol. 22, p. 114): 

The variety rufus appeared much more abundant than curculionis in my breeding 
cages last summer. The two forms differ so much from one another, and in some 
respects, especially in the number of joints of the antenn, from Riley’s description 
that I have made the following notes upon them: “* * * Rufus is decidedly more 
robust in every case than curculionis, and were it not for the fact that so eminent an 
authority as Dr. Riley considers them the same species, I should think that rufus 
ought to be raised to the rank of a species.”’ 

Attempts were made by Prof. Riley to distribute both the Sigal- 
phus and Porizon parasites, specimens being sent to several corre- 
spondents from Kirkwood, Mo. In the bureau collection of Sigal- — 
phus reared from the curculio, 725 specimens, only 40 are of the 
rufus variety, from the following localities: Fort Valley, Myrtle, and 
Barnesville, Ga.; Valparaiso, Ind.; Arlington, Va.; Riverdale, Md.; 
Washington, D. C., and Siloam Springs, Ark. These, with its 
recorded occurrence in Missouri and Iowa, indicate a distribution — 
similar to that of curculionis. 

It appears from observations made at Barnesville, Ga., in 1910 
that while practically all of the typical forms emerge from the 
earliest larvee, the variety rufus only reaches its full numbers very 
late in the season, after curculionis has ceased to appear. A few 
isolated specimens of rufus emerged in connection with the typical 
form from material from Elberta peaches, but most of them were 
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reared much later from other material. From 240 curculio larve 
which entered the soil August 30 to October 15 there emerged 16 
specimens of rufus from September 24 to October 23. This gives a 
percentage of parasitism of 6.66. No other kinds of parasites emerged 
from these late larvee, while the proportion and number of rufus were 
larger than at any previous time. 


(Porizon) Thersilochus conotracheli Riley. 


This ichneumonid parasite of the curculio (see fig. 27) was 
described by Riley in 1871 (Third Missouri Report, p. 28) from speci- 
mens reared from cocoons sent him by Dr. Trimble, of New Jersey. 
The parasite feeds upon the curculio larva, and while developing 
to the adult form in the fall, remains in the cocoon until the following 
spring. This habit of overwintering in the soil perhaps has con- 
tributed to its general oversight by persons who have reared cur- 
culios, for there are very few references in literature concerning it. 
Five specimens of adults of this 
species were dissected from cocoons 
by Mr. Johnson, at Youngstown, 
N. Y.,-August 24 and October 2, 
1908, and on October 4 of the same 
year a total of 76 cocoons of this 
parasite was found in curculio rear- 
ing jars, in which had been placed 
a total of 836 curculio larve, giv- 
ing a percentage of parasitism for 
this species of 9.09. Mr. John- Fic. 27.—(Porizon) Thersilochus conotracheli, 
son also succeeded in rearing this ae bas eee) ok tet 
species from material kept over 
winter. On October 5, 1905, 55 cocoons were found in a jar for 
breeding curculios at Youngstown, N. Y. This jar was again exam- 
ined May 18, 1906, by which time 11 adult parasites had emerged. 
Forty-eight cocoons were found in a jar in which had been placed 549 
curculio larve, at North East, Pa., August 24, 1906. 

Dr. Riley evidently reared this species, along with (Sigalphus) 
Triaspis curculionis, in numbers in Missouri, for he speaks of having 
distributed specimens of each, from Kirkwood, to several localities. 
The insect is recorded by Dr. Howard from Coon Island, Pa., in 
1887, and Riley and Howard (Rept. Com. Agr., 1888, p. 64) refer 
to receipt of specimens from a correspondent who found them ovi- 
positing and regarded them as a new enemy of the plum. Prof. 
Gillette, in his curculio studies in Iowa, makes no reference to Pori- 
_ zon, which presumably was not observed. The species is probably 
of much less economic importance than the preceding, though, as 
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stated, its habit of wintering in the cocoon may have caused it to 
have been overlooked. Specimens are in the U.S. National Museum 
from Long Island and Oswego, N. Y., Connecticut, southern Ilinois; 
Missouri, and Onaga, Kans. 


(Bracon) Microbracon mellitor Say. 


A specimen of (Bracon) Microbracon mellitor (fig. 28) was reared from 
the plum curculio by Prof. F. E. Brooks at French Creek, W. Va., in 
1902 (U.S. Dept. Agr., Div. Ent., Bul. 38, n.s.,p.109). In1905it was 
again reared from the plum curculio at Youngstown, N.Y., North East, 
Pa., Arundel, Md., and 
Fort Valley,Ga. Observa- 
tions by Mr. Fred Johnson . 
at Youngstown,N. Y.,and 
North East, Pa., indicate 
that this parasite lives ex- 
ternally upon the curculio 
larva, destroying the lat- 
ter before it leaves the 
fruit. The cocoon of the 
parasite is then formed ~ 
within the fallen fruit. 


Bracon dorsata Say. 


Several specimens of this 
insect were reared from 
curculio - infested plums 
: from Arundel, Md., Wash- 
ington, D. C., and Lexington, Ky. Other insects were also present, 
and there is a doubt that this species is a parasite of the plum curculio. 


Fig. 28.—(Bracon) Microbracon mellitor, an occasional parasite 
of the plum curculio. (From Hunter and Hinds.) 


Other Hymenopterous Parasites. 


A chalcidid of the genus Eurytoma was reared from Conotrachelus 

nenuphar at French Creek, W. Va., in 1902 (U. S. Dept. Agr., Div. 
Ent., Bul. 38, n. s., p. 109). At North East, Pa., 4 specimens of a 
species of Anisocyrta (Braconide) emerged, July 24, 1906, from the 
soil in a jar in which curculio larve were transforming. An ichneu- 
mon fly, Pimpla (Zpiurus) sp., was also reared at North East, Pa., 
from curculio-infested prunes, 3 specimens emerging July 9-23, 1906. 
What is very likely the same species was reared at Youngstown, N. Y., 
in 1905. The parasite destroyed a curculio larva in a small apple 
and formed a cocoon in the dropped fruit. At Vienna, Va., during 
1911, Mr. R. A. Cushman reared the following from the curculio: 
Eurytoma sp., Catalaccus sp., Cerambycobius sp., and Microbracon lixi 
Ashm., which was next in abundance to Triaspis curculionis. 
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Myiophasia zenea Wiedemann. 


This tachinid fly (fig. 29) is a widely distributed parasite of the 
larvee of several species of weevils, including the plum curculio. 
It is a very variable species, having been described and recorded 
under many names. The species was first described from Monte- 
vidio, Uruguay, South America, but has since been found in Central 
America, Mexico, and all sections of the United States. In the col- 
lections of the Nationa! Museum and the Bureau of Entomology there 
are specimens from the following localities: Chinandega, Nicaragua; 
City of Mexico, Mexico; Sierra Madre, Chihuahua, Mexico; Pecos, 
N. Mex.; Beulah, N. Mex.; Corvallis, Oreg.; St. Louis, Mo.; Dallas, 
Tex.; Baton Rouge, La.; Inverness, Fla.; Tifton, Ga.; Barnesville, 
Ga.; Clemson College, S. C.; Arundel, Md.; White Mountains, N. H.; 
Douglas, Mich. 

Other recorded localities are: Santa Fe, N. Mex.; Charlotte Har- 
bor, Fla.; New Jersey; Massachusetts; Gypsum, Ohio; Constantine, 
Mich.; Carlinville, Ill.; South Dakota. 

It is thus seen that the species extends greatly beyond the range 

of the plum curculio, subsisting on other hosts. Riley, Lugger, and 
Pergande reared Myiophasia xnea 
from Balaninus uniforms Lec., at 
St. Louis, Mo., in 1876. In 1886 
Pergande reared it at Washington, 
D.C., from Conotrachelus elegans Say, 
infesting young twigs of hickory. 
Parasites reared by Forbes from 
Sphenophorus parvulus Gyll., and 
a cutworm (Heliophila unipuncta 
Haw.) were identified under one of _ , 
the Synonyms of M. xnea (Psyche, Fic. 29.— Myiophasia xnea, a dipterous plum 
vol. 6, p. 467), but it is probable that curculio parasite: Male and head of female. 
there was an error in recording itas  “"™"“™"°” 
a parasite of Heliophila unipuncta, there being no other known instance 
of M. xnea attacking anything but weevil larve. At Gypsum, Ohio, 
Webster found M. xnea as a parasite of Ampeloglypter sesostris Lec. 
(Ent. News, vol. 10, p. 53, pl. 3). In this case a secondary para- 
site (Calyptus tibiator) was reared from M. xnea. More recently 
Pierce (Journ. Econ. Ent., vol. 1, p. 381) has reared M. xnea from 
the boll weevil (Anthonomus grandis Boh.) and from Conotrachelus 
elegans Say at Dallas and Victoria, Tex. In the National Museum 
are many specimens of M. xnea reared from Chalcodermus xneus 
Boh. by G. G. Ainslee, Clemson College, S. C. It had previously 
been reared from a species of Chalcodermus by H. A. Morgan at 
Baton Rouge, La. 


150 THE PLUM CURCULIO. 


So far as known IM. znea was first obtained as a parasite of the 
plum curculio by Mr. A. A. Girault, who reared a single specimen 
from curculio-infested peaches collected at Arundel, Md., June 29, 
1905. In 1908 another specimen was reared from the plum curculio 
in cherries by R. W. Braucher at Douglas, Mich. At Barnesville, 
Ga., 13 specimens were reared from 1,115 curculio larvee from peaches 
collected on August 5, 1910. The larve entered the soil August 6 
to 13, and the parasites emerged from August 29 to September 5. 
This species must be considered as only an occasional parasite of the 
plum curculio, the highest known percentage of parasitism being 
1.16 in the case of the lot reared at Barnesville, Ga. A few speci- 
mens of this fly were reared from curculio larve by R. A. Cushman 
during 1911, at Vienna, Va. 


Cholomyia inzequipes Bigot. 


Like the preceding species, Cholomyia inxquipes (fig. 30) is a very 
widely distributed parasite of weevil larve. It was first described 
by Fabricius from South America in 1805 as Musca longipes, and 
later by Bigot from Mexico under the name of C. inezquipes. Speci- 
mens are in the National Museum and in the Bureau of Entomology 
collections from the following localities: Frontera, Tabasco, Mexico; 
- Dallas, Tex.; Lawrence, Kans.; St. Louis, Mo.; Siloam Springs, Ark.; 
Mound, La.; Fort Valley, Ga.; Barnesville, Ga.; Peaks of Otter, Va.; 
Arlington, Va.; Arundel, Md.; Lexington, Ky.; West Virginia; 
North East, Pa. 

This insect was first reared by Riley at St. Louis, Mo., under cir- 
cumstances indicating that it was a parasite of the plum curculio. 
In 1897 it was reared at Mound, La., from Conotrachelus juglandis 
Lec. Metadexia basalis Giglio-Tos, which Mr. D. W. Coquillett regards 
as probably a synonym of C. inequipes, has been reared from Cono- 
trachelus juglandis in West Virginia. Pierce has reared O. inxquipes 
from Conotrachelus elegans Boh., at Dallas, Tex. At Siloam Springs, 
Ark., it has been reared from Conotrachelus affinis Boh. 

The Bureau of Entomology has records of the rearing of this species 
from the plum curculio as follows: 


Arundel, Md., July 13, 1905, 1 specimen (plum). 

Arlington, Va., August 14, 1905, 1 specimen (peach) 

Fort Valley, Ga., October 1, 1905, 1 specimen (Cratzegus). 

North East, Pa., July, 1906, several specimens. 

Siloam Springs, Ark., July to August, 1908, 4 specimens (peach). 
Barnesville, Ga., June 20 to September 15, 1910, 81 specimens (peach). 


1 Concerning the synonymy of this species, Mr. D. W. Coquillett has stated that longipes as a specific 
name for this dexidid is preoccupied by Musca longipes Fab. (1794), an entirely different insect from the 
present one, also described by Fabricius under the same name in 1805. The species, theretore, had no 
distinctive name in 1805, and must take the name given it by Bigot in 1884. The synonyms of Cholomyia 
inzquipes Bigot (1884) are Musca longipes Fab. (1805) (not 1794), and Thelairodes basalis Giglio-Tos (1893). 
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In the last instance, at Barnesville, Ga., 74 of these parasites were 
reared from 1,115 curculio larve from peaches, entering the soil 
August 6 to 13. The parasites from this lot emerged August 30 to 
September 15, the females emerging slightly later than the males on 
an average. In this case the percentage of parasitism by C. wnez- 
quipes was 6.63. 


= | § 


Fig. 30.— Cholomyia inzquipes, a fly reared abundantly from the plum curculio at Barnesville, Ga.: Adult 
on left, puparium in curculio larval skin on right. (Original.) 


The puparium of Cholomyia (fig. 30) is formed in the soil, within 
the skin of the host larva, the adult parasite, on emerging, breaking 
through the posterior end of the old skin. 


Pegomya fusciceps Zett. 


This anthomyiid fly has appeared many times in jars and cages in 
which the plum curculio was being reared. But it is unlikely that 
this species is ever parasitic, and its presence may in most cases be 
accounted for as a feeder upon the more or less decayed fruit in com- 
pany with the curculio larvee. 
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PREDACEOUS INSECTS. 


Several species of predatory insects are recorded as attacking the 
curculio, especially in the larval stage, though their importance is 
difficult to estimate. In our own investigations ants have been 
found to be efficient enemies of curculio larve as they are leaving the 
fruit and entering the soil. Numerous observations in peach orchards 
in Georgia show that these creatures are ever on the alert for an 
insect as food, and seek out and quickly destroy curculio larve or 
other soft-bodied insects. Mr. Girault, and also Mr. Rosenfeld, 
record frequent observations of ants attacking larve in the course of 
breeding work at Myrtle, Ga., interfering greatly with the experi- 
ments. Thus on June 16 a large number of larvee were placed on the 
soil in a box for pupal records. These, however, were soon dis- 
covered by the ant, Dorymyrmex pyramicus Roger, which destroyed 
numbers of larvee before they could be driven off. Within a quarter 
of an hour ants were literally swarming over the soil, in the box, 
and very few larvee succeeded in getting any distance into the soil 
before being attacked and destroyed. 

In the course of timing larve in entering the soil in cultivated 
orchards, these were often found and attacked by one or more ants 
(Dorymyrmex pyramicus Roger), usually with fatal results to the 
larva. Thus, a larva placed on the soil at 4.23 p.m. (May 30, 1906) 
was attacked eight times in succession by ants, which were repelled 
each time, but succeeded at the ninth attack—at 4.33 p.m. This 
species is especially common in Georgia orchards, and in the aggre- 
gate must exert an important influence in destruction of the curculio. 

Aspecies of thrips is recorded by Riley (2d Mo. Rept., p. 6) as very 
effective in destroying the eggs of the curculio. 

Mr. Walsh, in an interesting article in the American Entomologist 
for 1868, page 33, gave observations on certain insects regarded by him 
as predatory on the curculio. These observations are given by Riley 
in his Missouri Report (p. 56), and the substance appears in Riley and .- 
Howard’s well-known article on the “Plum curculio.” There can 
be no doubt whatever as to the accuracy of Mr. Walsh’s observations, 
but practically nothing has since been added to our knowledge of the 
usefulness of these insects in destroying the curculio 

A larva of a species of lacewing (Chrysopa) was observed by Walsh 
in one side of a peach badly bored by a curculio. It was actually ~ 
feeding upon a curculio larva, one-half of which had already been 
sucked dry. One of these insects is shown in figure 31. They are 
well known to feed upon various soft-bodied insects, especially 
plant-lice. 

A carabid beetle, Aspidoglossa subangularis Chaud., was found inside 
a peach completely excavated by the curculio, from which Mr. Walsh 
concluded that this species also was an enemy of the curculio. These 
two species were regarded as undoubtedly predatory on the curculio 
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above ground, and the larva of a ground beetle was found by a Mr. 
Swing in loose earth under peach trees in large numbers, which Mr. 
Walsh believed searched out the insects in the ground. 
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Fig. 31.— Chrysopa oculata. Species of Chrysopa are recorded as predaceous on the plum curculio. (From 
Marlatt.) ‘ 

Four other species of ground beetles were found which were believed 

to attack the curculio grubs, although known to be general feeders, 

namely, Harpalus pennsylvanicus De Geer (fig. 32), H. faunus Say, 


va 


Fig 32.—Harpalus pennsylvanicus, a ground beetle predatory upon the plum curculio. (From Webster.) 
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Evarthrus orbatus Newman, and EF. obsoletus Le Conte. The first 
mentioned (H. pennsylvanicus) was noted to be especially abundant, | 
“absolutely swarming in all di- 
rections underground,” and was 
thought to be the parent of the 
larva earlier alluded to. Walsh 
thus records 6 different species 
of insects, 2 of which fed upon 
the curculio, while the remaining 
4 were strongly suspected of so 
Fic. 33.— Chauliognathus pennsylvanicus. ‘The larva doing. An additional species 
o fuses reed asa veryeBeeSreSEDY (CHhantioanathus pennsylanicus) 
(fig. 33) in the larval stage was 
found in curculio-injured peaches, and actually observed to feed 
upon the curculio grub by Mr. Swing, who forwarded the specimens 
to Walsh. 


FOWLS AND BIRDS AS CURCULIO DESTROYERS. 


The value of chickens and other fowls in checking the curculio has 
been alluded to by several writers, notably the older ones. There is 
practically no definite observation, however, to show to what extent 
fowls feed upon these insects. Without doubt, in orchards fre- 
quented by chickens many of the beetles and possibly the larve 
as they are leaving the fruit are found and eaten, but the good 
influence of fowls in this way is at most small, and confined prin- 
cipally to the vicinity of the house. 

On the importance of birds as curculio destroyers, there are but 
few data. Dr. Isaac Trimble was probably first to record that the 
Baltimore oriole will feed upon this insect, which fact has been con- 
firmed by subsequent observations. 

The Bureau of Biological Survey of the United States Department 
of Agriculture has found plum curculio beetles in the stomachs of 7 - 
species of birds, namely: Baltimore oriole (/cterus galbula), Windsor, 
Ont.; orchard oriole (Jcterus spurius), Atlanticville, N. Y., Chester 
County, Pa., Marshall Hall, Md.; rose-breasted grosbeak (Zamelodia 
ludoviciana), Portland, Conn.; bank swallow (Riparnia riparia), Sing 
Sing, N. Y.; yellow-throated vireo (Lanivireo flavifrons), Sing Sing, 
N. Y.; veery (Hylocichla fuscescens), Syracuse, N. Y.; hermit thrush © 
(Hylocichla g. pallast), Washington, D. C. 

Dr. Trimble states also that he found this insect in the stomach of 
a toad. 
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REMEDIAL MEASURES. 
HISTORICAL. 


Measures for the control of the plum curculio have occupied the 
attention of fruit growers from the earliest times, and the total writ- 
ings on this subj ect in various horticultural, Jaman, and other journals 

wold comprise a very large volume. The oanerilio, being native, 
soon attacked the choice fruits planted by the silo ecn settlers, ind 
accounts of its depredations soon found their way to print. The 
insect was especially complained of by reason of its injuries to plums, 
and the culture of this fruit seems to have been attended with the 
greatest difficulty. Many persons, if we are to judge from the earlier 
accounts, gave up the fight in despair, cutting down the trees. Dur- 
ing practically all of the last century a succession of remedies was 
proposed, and much discussion resulted as to their merits. Most of 
them were of but little if any value, and some of those proposed were 
actually absurd. The plan of jarring, or ‘‘shaking,” as it was gen- 
- erally designated, is practically the only one which survived of the 
innumerable ones proposed. The employment of arsenicals against 
the curculio marked a distinct advance, though until recently their 
use on stone fruits had not become very general on account of injury 
to foliage and fruit. 

As indicating the feelings of the early fruit growers toward the 
curculio, and their efforts to circumvent its injuries, several of the 
earlier accounts of the insect are inserted. These articles possess 
distinct historical interest, for in but few instances is it possible 
to follow from so early a date the gradual increase of an insect in 
importance as a pest, along with the increase in plantings of its host 
plants. The remedies proposed were legion, and about as varied as 
the nostrums proposed for some human ailment, as rheumatism. 
While no special effort has been made to list all the early remedial sug- 
gestions, the following have been noted: 

Seaweed under the trees; stable manure spread under trees; thor- 
ough whitewashing of trees; air-slaked lime dusted on trees in early 
morning while wet with dew, after setting of fruit; fumigation with 
sulphur fumes; wood ashes thrown over trees during blossoming 
when wet with dew; sulphur and powder fired from a gun into the 
top of trees for a few successive mornings; sulphur, lard, and Scotch 
snuff mixed and rubbed on trunk and larger branches; drenching the 
tree with putrid soapsuds, followed by dusting with lime; flowers of 
sulphur sprinkled over trees after setting of fruit; sulphureted hy- 
drogen generated from calcium sulphid; packing the earth under 
the trees; tobacco smudge; hanging in trees putrid flesh, as dead 
mice, etc., to be used by the beetles for ovipositing; burning leather 
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under trees on pans of charcoal; soft soap placed in crotches of 
limbs; burning soot under trees; paving the earth under trees with 
brick, slate, mortar, etc.; branches of tansy hung in trees; burning 
under trees woollen rags saturated with brimstone; destroying the 
eggs in the fruit by means of a needle-like instrument; passing 
around the trees a blazing straw torch, into which the beetles 
would fly; protecting the fruit with mosquito netting; confining 
in the orchard pigs, geese, poultry, etc.; fencing out the curculio 
with a high, 9-foot fence; fall plowing; liberal use of salt around 
the trees; removal of surface of soil and contained insects from around 
base of trees; covering soil with salt during midsummer to kill 
worms escaping from the fruit; picking up and destroying stung 
fruit; dilute sulphuric acid thrown on the soil to destroy insects in 
ground; bruising the tree to cause exudation of gum to prevent its 
development on the fruit upon which the larve feed; removal and 
destruction of black-knot disease; flooding the soil to drown insects; 
placing quicksilver in holes bored in trunk of trees; corrosive subli- 
mate thrown into the soil to destroy the insects in the ground; jarring 
insects onto sheets held or placed under trees; asafcetida spray; — 
whale-oil soap, sulphur, lime-and-tobacco spray; coal-tar and water 
spray; piles of small stones around trees; trapping curculio under 
chips, small boards, etc., placed on the ground under the trees; 
planting of nectarines as a trap crop; light traps; belts of cotton 
batting around the trees; lead-pipe troughs around the trees filled 
with oil; hanging in trees bottles of sweetened water as a bait. 

The first remedial suggestions which we have seen are those in 
Darlington’s Memorial, giving the correspondence between the early 
American botanist, John Bartram, and his patron, Peter Collinson. 
Under date of March 14, 1736-37, Peter Collinson, writing to John 
Bartram, refers + to the 
very particular account how your plums are destroyed by an insect. Pray change 
the stock, and graft plums and nectarines on peach stocks, which being a vigorous, _ 
free stock, and not liable to these insects, may succeed better. Pray try; I have a. 
great opinion of its succeeding. 

That the above referred to the plum curculio is evident from a 
later communication. John Bartram, writing under date of April 
16, 1746, and speaking of the strawberry and sloe, the last of ‘‘which 
we have had in the country these 50 years. I plant them about my 
hedges, where it grows to a large size. The blossoms are prodigious 
full, but never one ripe fruit. They were bit by the insect, as all our 
stone fruit is; but the peaches, and some kinds of cherries, overgrow 
them.”? In a letter under date of April 24, 1746, Peter Collinson, 
in writing to John Bartram, adds: 


To prevent the destruction of the beetle, I confess, is not so easy as some other bad 
effects; yet as we know the duration of this insect is but short, if while he is so noxious, 


1 Darlington’s Memorial, p. 93. 2 Darlington’s Memorial, p. 175. 
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some contrivance could be found out to disturb or destroy him, you might then hope 
to taste a nectarine—one of the most delicious fruits in the universe, and much 
exceeds a peach, in a rich vinous-flavored juice. And an apricot is also one of the 
fine fruits. Last year our standards were overloaded, which were allowed to excel 
the wall fruit. 

Suppose as soon as this beetle is discovered if the trees were to be smoked, with 
bur?/ing straw under them or at some distance, so as to fumigate their branches at a 
time the beetles are most liable to attack the fruit, or if the trees were to be squirted 
on with a hand engine with water in which tobacco leaves were soaked; either of 
these two methods, I should think, if they did not totally prevent, yet at least would 
secure so much of these fine fruits as would be worth the labor of people of circum- 
stances who are curious to taste these delicious fruits in perfection. 

I take it the reason the plum succeeds so well is the frequent shaking of the trees 
by being planted in a frequented place. The beetles are tumbled off, or else are 
disturbed and frightened from settling on the trees. 


The earliest extended account of the insect is that by Dr. James 
Tilton, of Wilmington, Del., in Willich’s Domestic Encyclopedia 
(vol. 3, p. 116), published in 1804. This original article shows a 
considerable familiarity with the curculio, and was much quoted by 
subsequent writers. Some of the methods suggested for control 
later came into much notoriety and use. This comparatively inac- 
cessible article is here reproduced: 


Curculio, a genus of insects belonging to the Coleoptera, or beetle order. The 
species are said to be very numerous. The immense damage done, by an insect of 
this tribe, to the fruits of this country, of which there is no similar account in Europe, 
has given rise to a conjecture with some naturalists, that we have a peculiar and very 
destructive species in America. 

The manner in which the insect injures and destroys our fruits, is, by its mode of 
propagation * * *. Early in the spring, about the time when the fruit trees are 
in blossom, the Curculiones ascend in swarms from the earth, crawl up the trees, and 
as the several fruits advance they puncture the rind or skin, with their pointed rostra, 
and deposit their embryos in the wounds thus inflicted. The maggot thus imbedded 
in the fruit preys upon its pulp and juices, until in most instances, the fruit perishes, 
falls to the ground and the insect escaping from so unsafe a residence, makes a sure 
retreat into the earth: where, like other beetles, it remains in the form of a grub or 
worm, during the winter, ready to be metamorphosed into a bug or beetle, as the 
spring advances. Thus every tree furnishes its own enemy; for although these bugs 
have manifestly the capacity of flying, they appear very reluctant in the use of their 
wings; and perhaps never employ them but when necessity compels them to migrate. 
It is a fact that two trees of the same kind may stand in the nearest possible neighbor- 
hood, not to touch each other, the one have its fruit destroyed by the curculio, and 
the other be uninjured, merely from contingent circumstances, which prevent the. 
insects from crawling up the one, while they are uninterrupted from climbing the 
other. 

The curculio delights most in the smooth skinned stone fruits, such as nectarines, 
plums, apricots, etc., when they abound on a farm; they nevertheless attack the 
rough-skinned peach, the apple, pear, and quince. The instinctive sagacity of these 
creatures directs them especially to the fruits most adapted to their purpose. The 
stone fruits more certainly perish by the wounds made by these insects, so as to fall 
in due time to the ground, and afford an opportunity to the young maggot to hide 
itself in the earth. Although multitudes of seed fruits fall, yet many recover from 
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their wound, which heal up with deeply inflicted wounds * * *. This probably 
disconcerts the curculio, in its intended course to the earth. Be this as it may, certain 
it is, that pears are less liable to fall, and are less injured by this insect than apples. 
Nectarines, plums, etc., in most districts of our country, where the curculio has gained 
an establishment, are utterly destroyed, unless special means are employed for their 
preservation * * *. Cherries escape better, on account of their rapid progress to 
maturity and their abundant crops: the curculio can only puncture a small part of 
them, during the short time they hang upon the tree. These destructive insects 
continue their depredations from the first of May until autumn. Our fruits collec- 
tively estimated must thereby be depreciated more than half their value. 

It is supposed the curculio is not only injurious above ground, but also in its retreat, 
below the surface of the earth, by preying on the roots of our fruit trees. We know 
that beetles have, in some instances, abounded in such a manner as to endanger whole 
forests. Our fruit trees often die from manifest injuries done to the roots by insects, 
and by no effect more probably than the curculio. In districts wherein the insect 
abounds, cherry trees and apple trees, which disconcert it most above, appear to be 
the special objects of its vengeance below the surface of the earth. 

These are serious evils; to combat which, every scientific enquirer is loudly called 
upon to exert his talents; every industrious farmer to double his diligence, and all 
benevolent characters to contribute their mite. 

Naturalists have been accustomed to destroy vicious insects, by employing their 
natural enemies to devour them * * *. (See BuicHrT.) 

We are unacquainted with any tribe of insects able to destroy the curculio. All 
the domestic animals, however, if well directed, contribute to this purpose. Hogs 
in a special manner are qualified for the work of extermination. This voracious 
animal, if suffered to go at large in orchards, and among fruit trees, devours all the 
fruit that falls, and among others the curculiones, in the maggot state, which may 
be contained in them. Being thus generally destroyed in the embryo state, there 
will be few or no bugs to ascend from the earth in the spring, to injure the fruit. Many 
experienced farmers have noted the advantage of hogs running in their orchards. 
Mr. Bordley, in his excellent ‘‘ Essays on Husbandry” takes particular notice of the 
great advantage of hogs in orchards; and although he attributes the advantage derived 
from these animals to the excellence of their manure, and their occasional rooting 
about the trees, his mistake in this trivial circumstance does by no means invalidate 
the general remarks of this acute observer. The fact is, hogs render fruits of all kinds 
fair and unblemished, by destroying the curculio. 

The ordinary fowls of a farm yard are great devourers of beetles. Poultry in gen- 
eral are regarded as carnivorous in summer, and therefore cooped sometime before 
they are eaten. Everybody knows with what avidity ducks seize on the tumble bug 
(Scarabzus carnifex), and it is probable the curculio is regarded by all the fowls as 
an equally delicious morsel. Therefore, it is, that the smooth stone fruits particularly 
succeed much better in lanes and yards, where the poultry run without restraint than 
in gardens and other enclosures, where the fowls are excluded. 

Even horned cattle and all sorts of stock may be made to contribute to the preserva- 
tion of our valuable fruits. By running among the trees they not only trample to 
death multitudes of these insects; but by hardening the ground, as in lanes, it becomes 
very unfit to receive or admit such tender maggots as crawl from the fallen fruits. 
Besides, the curculio is very timid, and when frightened by the cattle rubbing against 
the tree or otherwise, their manner is to fold themselves up in a little ball and fall 
to the ground; where they may be trampled and devoured by the stock, poultry, etc. 
Col. T. Forest, of Germantown, having a fine plum tree near his pump, tied a rope 
from the tree to his pump handle, so that the tree was gently agitated every time 
there was occasion to pump water. The consequence was that the fruit on this tree 
was preserved in the greatest perfection. 
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All the terebinthinate substances, with camphor and some others, are said to be 
very offensive to insects generally. Upon this principle, General T. Robinson, of 
Naaman’s Creek, suspends annually little bits of board, about the size of a case knife, 
dipped in tar, on each of his plum trees * * *. From three to five of these strips 
_ are deemed enough, according to the size of the tree. The General commences his 
operations about the time or sooner after the trees are in full bloom, and renews the 
application of the tar frequently, while the fruit hangs on the tree. To this expedient, 
he attributes his never failing success. Other gentlemen allege, that common turpen- 
tine would be still better; being equally pungent and more permanent in its effects. 
Som | have sown offensive articles, such as buckwheat, celery, etc., at the root of the 
tree, and have thought that great advantage followed. 

Ablaqueation, or digging round the trees, and making bare their roots in winter is 
an old expedient of gardeners for killing insects, and may answer well enough for a 
solitary tree, a year or two; but the curculio will soon recover from a disturbance of 
this sort, and stock the tree again. 

There is no surer protection against the curculio than a pavement. This, however, 
is only applicable to a few trees. It may serve in town; but will not answer in the 
country * * *. (Flat stones, however, may be placed around the tree, and where 
lime is at hand, they may be cemented.) 

Many other expedients, such as smoking, brushing, watering, etc., may be suc- 
cessfully employed, for the protection of a favourite tree or two; but it is manifest 
from the preceding history, that a right disposition of stock, especially hogs, among 
the fruit trees, can only be relied on by a farmer, with orchards of considerable exten“. 
And that the stock, poultry, etc., may perform the task assigned them, it is evident, 
that a proper disposition of fruit trees is essentially necessary. 

As the smooth stone fruits are the grand nurseries of the curculio, special care 
should be taken to have these effectually protected. Unless this can be done, a 
farmer should not suffer them to grow on his plantation. He will derive no benefit 
from them; and they will furnish a destructive vermin that will ruin his other fruits. 
Cherry trees, nectarines, plums, apricots, etc., should therefore be planted in lanes 
and hard beaten yards (or paved yards), the common highways of all the stock of 
the farm, and not beyond the range of the ordinary domestic fowls. Orchards of apple 
trees, pear trees, peach trees, etc., should be in one enclosure. The pear trees and 
peach trees may occupy corners of the whole design, so as occasionally to be fenced 
off. In large orchards, care should be taken that the stock of hogs is sufficient to eat 
up all the early fruit which fall from May until August. This precaution will be more 
especially necessary in large peach orchards: for, otherwise, when the hogs become 
cloyed with the pulp of the peach, they will let it fall out of their mouths and content 
themselves with the kernel, which they like better; and thus the curculio escaping 
from their jaws may hide under ground, until next spring. Solitary trees of one 
fruit or another, remote from the orchard, should be regarded as nurseries of the 
curculio, and ought to be cut down or removed to the common enclosure. A young 
orchard should not be planted in the place of, or adjacent to an old one; that it may 
not be immediately infested with the curculio. 

It is also apparent, from what has been said, that great advantages might result from 
an association or combination of whole neighbourhoods against this common enemy. 
Although an intelligent farmer may accomplish much, by due attention, within his 
own territory, the total extermination of the curculio can hardly be expected, but by 
the concurrent efforts of whole districts. 

(On this subject it may be added, that a gardener near Baltimore, who has been 
successful in raising plums, finds that the insect does most mischief in the night; 
and hence he shakes the tree every evening, and catches the insect in a sheet around 
it. He always burns them instantly. Wrapping each plum in a muslin bag, or in 
thin paper perforated with a pin, is a certain, though troublesome, mode of guarding 
against the attacks of these insects.) 
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William Bartram, an eminent naturalist of Philadelphia, in a 
communication to the Philadelphia Society for Promoting Agricul- 
ture, for 1807, after a description of the curculio, goes on to say: 


During my: travels from Pennsylvania to Florida I had sufficient opportunity to 
observe that the fruit trees on the sea coast and brackish water were free from the 
ravages of this destructive insect; this suggested to me an idea, that the saline vapors 
_ were pernicious to them, and thus I imagine that if we were to go to the trifling ex- 
pense of showering our choicest fruit trees with a weak solution of common sea salt, 
once or twice a week, it might answer the same end of preserving the fruit; and by per- 
severing further in a little more expense, in extending the same care to our orchards, 
we might ina few yearsexpel them. But thisis only a conjecture, having never made 
the experiment. 


In the beginning of the year 1808, he added the following note: 


The spring following I put the experiment on showering a plum tree on trial, with a 
weak solution of sea salt dissolved in water; but being too strong of salt, most of the 
leaves and fruit fell off on consequence of it, otherwise the experiment might have 
produced the desired effect, as what fruit remained was not touched by the insect, 
though small and disfigured by the strength of the brine; yet a few arrived to their 


natural size and ripened, so that I am induced to believe, that with care in tempering 


the solution, it will be found to be the best and cheapest remedy against the ravages 
and increase of those pernicious insects, yet discovered. It should be so weak as just 
to taste of salt. 

Joseph E. Muse, writing in the American Farmer, volume 1, No. 
16, page 124, under date of July 16, 1819, under the caption “‘ Ento- 
mology,” treats among other insects, the curculio, as follows: 


Another insect, the curculio, of which there are nearly one hundred species, belong- - 


ing also to the Coleopterous order, commands, from its universal ravages both upon the 
farmer and the fruiterer, the attention of every member of the community, who has it 
in his power to contribute, in the smallest measure, to the destruction of this ruthless 
foe to the wealth and luxury of man; which frustrates, by its concealed and wily move- 
ments, the most rational and well founded plans, executed by the most ardent and 
efficient energies of the human mind and body. Are we not inclined to exclaim, with 
the moral and philosophical Seneca, ‘‘ Natura quam te colimus invitt quoque.”’ How 
repugnant to the proud feelings of man to stoop to combat with this insignificant 
animalcule! How resistless are the ordinances of nature, which compel us, by acts 


so humiliating, to admire and adore that complex creation whereby the great architect 


has seen fit to enforce them! 

I have made experiments on the larve of several species of curculiones, and have 
found the parents so nearly similar in habitat, metamorphoses, and most other circum- 
stances, that one description will suffice for their whole history; at least of those which 
I have examined; and the only mark of idiocrasy in the tribes which I have observed, 
consists in their choice of a nidus; selecting, from their peculiarities in this respect 
alone, the cherry, the plum, or the grain of corn, as their instinctive or innate 
propensities might incline them. 

Ina transparent bottle containing some earth, I deposited several cherries, in which 
were the larve of the curculio, that infests that fruit; in a few weeks, or rather as soon 
as the pulp of the fruit was consumed, which was at different periods, they retreated 
into the earth where upon examination some time after, I found they had assumed the 
state of chrysalis, which shortly resulted in that of the imago or parent; the wings of 
the insect were not sufficient to accomplish the flight of the insect, but merely to assist 
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its ascent of the body of a tree; from which circumstances, I was led to the following 
reflections and experiments to test their correctness: 

That the remedy must be such as would act, physically, to wit: To interrupt the 
metamorphoses, by preventing the descent of the larvee into the earth; to expose to 
the weather, the pupa, after its descent; or to intercept in its ascent of the body of 
the tree, the parent insect; or, chemically, by substances known to be generally 
deleterious to that class of animals. 

The fruit being the nidus of the ovum, and the earth the habitat, in which it is 
brought to maturity and makes its abode, and the larva, from its soft and delicate 
‘ structure, incapable of traveling, or sustaining the exposure; when the fruit contain- 
ing the larva has fallen and is rotted and consumed by the insect, the larva must 
descend, by the most direct route, from its original depository, the fruit, into the 
earth, its permanent abode, there to undergo the metamorphoses, which will bring it 
to maturity, and fit it for a new series of depredations, which is so secretly performed, 
that though myriads are employed, they are never detected in executing their work 
of destruction, the deposit of their ova. Hence, I concluded, that one of the most 
effectual preventives, would be paving with brick, stone, shells, or some other hard 
substance, impervious to the soft larva, a circular space round the fruit tree, as 
extensive as the fall of the fruit, by which it would be interrupted in its descent into 
the earth, and consequently perish; or that it might be accomplished, by turning up 
the earth under the tree to the same extent, and thereby exposing to the inclemency 
of the weather, the tender pupa, of which two methods, the former is to be preferred; 
because thereby you arrest the passage of the larva to maturity, and necessarily destroy 
it. The latter method, if not performed in time, may allow the perfection of the imago, 
and in this state it is unquestionably more hardy and capable of providing another 
habitation, as secure and comfortable as that of its first election. And by the experi- 
ments which I have made, its descent and maturity are at uncertain and unequal 
periods, which would make an insuperable difficulty, in point of time, for performing 
the operation; if below the descent, it would necessarily be useless; if after the 
maturity, equally so, for reasons given. 

_ This view of the subject has led me repeatedly to both experiments, which I have 

fairly and impartially made, without the influence of any prejudice, which it might 
be presumed, my reasoning had connected with or in favor of the former; the result 
was, the fruit with which I made the experiment that had been destroyed by curculi- 
ones, for many years, were in all cases, when I paved or shelled, entirely exempt; in 
two cases only, when the earth under the tree was turned up, at different seasons, the 
fruit escaped injury, but from the number that failed, I was inclined to ascribe these 
two to causes accidental and extrinsic. 
_ The third method proposed, viz: to intercept the parent in its ascent of the body of 
the tree, by various obstacles which the mind will readily suggest, and thereby prevent 
its deposit of ova, though I have made no experiments upon it, [ conceive to be rational, 
and easily accomplished; and with those species of curculiones, of which there are 
many, whose wings do not admit of flight, but assist them only in climbing, it would 
undoubtedly be effectual. 

The fourth remedy which I propose, of a chemical nature, I have made but partial 
experiments to establish, such as are not yet satisfactory or conclusive; when finished, 
it will give me pleasure to report them, if the result be successful, by a fair and candid 
detail of facts. 


The above seems to be the first definite recommendation for paving 
and the use of various obstacles-to prevent the ascent of the trees by 
‘the supposedly wingless adults. 
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Also during this year (1819) the curculio was first given a scien- 
tific name by an American entomologist, Mr. W. D. Peck, from 
beetles reared from black-knot on cherry; the original account of 
which is given below: 


This insect belongs to the same genus with the Rhynchxenus strobi or white pine 
weevil, described in the Massachusetts Agricultural Journal for January, 1817, to a 
plate in which I would refer for a representation of the parts of the mouth. In that, 
the rostrum or snout is nearly straight; in the present species it is curved, so as to form 
the segment ofacircle. All the thighs have two small obtuse points on the under side. 
In colour it is variegated with white and red hairs; the ground colour of the shelly 
coat on which they are placed is dark brown; The thorax is contracted behind the 
head; its surface is irregular, much pitted, and has a raised longitudinal line in the 
middle, with three small tubercles on each side of it, placed in a triangular form. 
The elytra are marked with longitudinal ridges and on these are placed oblong tubercles 
of which there are ten or twelve; four of these in the middle of the elytra are largest, 
smooth, and of a brown black colour. On the under side the body is pitted, or marked, 
with large impressed points, like the top ofa thimble. The first pair of feet is rather 
the largest; the second the smallest, and all sprinkled with white and bright rust- 
coloured hairs. Figure 5 shows the natural size of the insect, and figure 6 magnified. 

Mr. Pomroy was so obliging as to bring me three tumours cut from his plum-trees, 
later in the season, but the larvee had left them. Being, therefore, uncertain whether 
the disease of the plum-trees is to be attributed to this insect or to another species of 
the same genus, I would call it the cherry weevil. It may be distinguished by the 
specific name of rhycheenus (cerasi) femoribus dentatis; fulvo alboque variegatus, 
elytris tuberculis pluribus carinatis, quatuor in medio manoribus nigris. 

Among the 272 species of this genus, mentioned by Fabricius, there were several 
found in Cayenne and Carolina, which are nearly allied to this; but it differs from 
them all, and appears to be undescribed. 

The pall produced by this insect cannot be wholly remedied; but something may 
be done to diminish the mischief by cutting off the diseased branches. This, how- 
ever, must be done at the right season, and must be the joint care of a whole neighbor- 
hood at the same time. Those which furnished the data above set down, ceased to 
feed on the 6th of July, rose from the earth on the 30th, and were soon ready to deposit 
their eggs in healthy branches; but if the diseased branches be cut off in the last half 
of June, a great number may be destroyed, and most effectually, by burning the 
amputated parts. It is possible, that in some situations they may be disclosed earlier; 
it will therefore be surest to prune away the diseased parts as soon as they appear,. 
cleaning the trees now of the old tumours, that new ones may be more readily 
perceived. 


A treatment out of the usual was that followed by a correspondent 
of David Landreth: 


When the fruit is perfectly set or half grown, I take a small hammer and bruise the 
trunk of the tree in 12 or 15 places, from near the root to the branches; the sap or gum 
will run out which I am satisfied will prevent the fruit from falling off. My neighbor, 
Mr. L., has practiced the same with success. I viewed his trees a few hours ago; he is 
well satisfied with the utility of it. 

I will not undertake to give exact reasons why it should prevent the fruit falling 
offata premature age; it may be that the insects feed on the sap or gum that also there 
may be a superfluous quantity of sap in such trees, I will entirely leave it to those of 
superior judgment, 
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Also, the following in The Farmers’ Guide (1824), page 208: 


it is recommended to put a ring round the tree, of a mixture of grease, or blubber, 
mixed with salt. Perhaps some of the other ingredients for destroying worms, would 
answer a better purpose. 


Again, in the New England Farmer, volume 9 (1830), is the follow- 
ing: 

In the month of July, I visited the beautiful settlement of Mr. Rapp, at Economy, 
on the bank of the Ohio, 14 miles below Pittsburg, and was highly gratified to see his 
numerous plum and prune trees loaded with fruit, uninjured by the insect. The 
senior Mr. Rapp informed me that while his trees were in bloom, his gardener placed 
around the body of them, a few inches above the ground, two pieces of boards, of suit- 
able size, say six inches by twelve, out of which a semi-circular portion had been cut, 
so that when fitted together, around the tree, they would completely invest the body. 
These were confined together by two narrow battens, secured with screws, on the under 
surface. On the upper surface, a circular channel was cut, half an inch deep, and one 
inch wide, so as to surround the tree. The joints between the two boards, where 
crossed by this channel, were closed with putty, and any vacancies between the boards 
and the tree carefully stopped with clay mortar. The circular channel is then fitted 
with tar, and presents an effectual barrier to the progress of the insects. Some atten- 
tion is required, to see that the tar does not leak out or become hardened. 


An article by James Thatcher, in the New England Farmer for 
March, 1840, is illustrative of a series of recommendations based on 
the believed efficacy of repellent substances, a portion of which is 
given: 


There is another process to be recommended, in which I have great confidence, 
as a part of our warfare against the curculio. It is to make a direct attack upon the 
female beetle while she is about to puncture the fruit to engender her young brood. 
This may be done by throwing from a garden engine or Willis’ excellent syringe, a 
liquid substance that will create a sort of deleterious atmosphere which will compel 
her to quit the tree, and will destroy the vitality of her eggs, should they have been 
deposited. I will name the following articles for this purpose: the composition of - 
sulfur and lime recommended for grapes in Mr. Kendrick’s Orchardist, p. 328; a strong 
decoction of tobacco or snuff; chloride of lime; a weak solution of potash or even 
soapsuds. These materials, if showered over the trees and fruit, would prove so offen- 
sive as to force the female visitor from her generating process. The most proper time 
for this operation is in the evening, in order to meet the enemy, whose attack is sup- 
posed to be during the course of the night. This operation should be repeated sev- 
eral times during the week, from May to August, and the tree should frequently receive 
a thorough shaking, by which the insects will be greatly aisturbed and made to fall to 
the ground. Should my plan be deemed too onerous, the cultivator who may adopt 
it in full or even partially, may be assured that (in my opinion) he will have no cause 
to regret his labor. 


Belief in the efficacy of paving is shown by the following article 
which appeared in the New Genesee Farmer, volume 3, page 98 
(i833 )ic 


D. Longstreet says that a gage plum tree which stood over a pavement, ripened its 
fruit in perfection last year, while all the fruit of his other trees of that kind, which 
were not over pavements, was destroyed by the curculio. In order to show that the 
result was caused by the pavement, he says that a plum tree, standing near the path 
to the barn, not paved but which was frequented almost hourly, lost all its fruit. Such 
facts ought to be recorded and generally known, 
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The codling moth and curculio were for a long time confused in 
the minds of many fruit growers and more or less the subject of debate 
in the journals of the day. The following, by N. Darling, from the 
Cultivator, December, 1840, page 190, is illustrative of this fact: 


In the September number of the Cultivator (p. 136) you say in answer to a corre- 
spondent that ‘‘the worm in the apple as well as in the plum and cherry is a species 
of curculio.” Also, that ‘‘the worm with the fruit, falls upon the ground, in which 
the worm takes up its abode in the chrysalis state, until revivified and changed by 
the spring, it issues a perfect insect. 

Iam well convinced there is a mistake here, in two particulars: 1st, as to the worm 
in apples being a curculio; 2nd, as to the curculio continuing in the ground till spring. 

In 1831, seeing it stated in all the books that the curculio, in its chrysalis state, 
remained in the ground during winter, I undertook to verify the fact by actual experi- 
ment. The result was communicated to the ‘‘New York Farmer” (Vol. IV, p. 178- 
179). But as many of your readers have probably not seen that book, you may do a 
service by publishing an extract from it. 

I put some moist earth into a tumbler, about the first of June and placed about 20 
small peaches, containing worms, upon the earth, and covered the tumbler with a 
piece of glass. June 30th, the worms had all left the peaches and had all crawled into 
the earth below. July the 7th, the worms had divested themselves of their skin, 
without having formed a shell or cocoon, and were nearly changed to bugs. At this 
time they were white, and showed upon the breast the soft rudiments of the proboscis, 
legs, and wings. These parts had not attained their full size, and appeared immovyable- 
One insect, however, had completed his metamorphosis and was a perfect bug, of a 
mahogany color. All have since left the earth of their own accord, having finished 
their change, and are now (July 19th) creeping about the tumbler and feeding on a 
plum leaf. On the 10th of July I opened the ground under a peach tree and found 
the insects in great numbers from two to four inches beneath the surface, in all stages 
of their metamorphosis. July 19th, I found one in the earth under an apple tree, but 
could find none under peach trees. It appears then that this insect retreats into the 
earth about the first of June, where it divests itself of its skin, and changes into a bug 
before the 19th of July, by which time it leaves the earth. What becomes of the bug 
from July to May following, remains to be discovered. 

The curculio is not the only insect that produces the worm in our fruits. I stated 
above that about twenty peaches were placed in the tumbler. In the earth under 
them were six small, oval cocoons, thick strong and smoothly spun, which contain 
worms that manifest no approach toward a change. The same cocoons are also found 
under peach trees. The worms in these envelopes are different from those of the cur- 
culio; they are smaller; they are white throughout;! while the larvee of the curculio 
have orange colored heads. There is reason for the belief that the larvee of the curcu- 
lio, all or most of them, leave the various fruits in which they are deposited as early 
as the beginning of July, and that the worms found in fruits after that time, have a 
different parent. Some years ago, I preserved a worm from a Vergalieu pear, which 


produced a gray miller. Last November a worm from a Newton Pippin placed itself - 


in a cavity on a board, covered itself with a web, and remained till April when it pro- 
duced a gray miller like that produced from the pear. 

I continued my observations during that summer, and sent another communication 
to the New York Farmer (Vol. IV, p. 248), from which the following is an extract: 

I have said there is reason for the belief that the larvee of the curculio, all or most of 
them, leave the various fruits in which they are deposited as early as the beginning of 


1 Probably (Porizon) Thersilochus conotracheli Riley, a parasite of the curculio, 
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July, and that the worms found in fruits after that time have a different parent. One 
reason for this belief is, that after that time very little fruit is left in which their eggs 
can be deposited, and what little is left is, for the most part, untouched by the cur- 
culio. Let me present a hasty estimate of cherries, apricots, plums, and peaches, in 
my orchard; on the first of May last, there were probably 200,000; on the first of July, 
the number remaining on the trees did not, I am confident, exceed 500. Of that 500 
perhaps 20, before the middle of August contained a curculio, the rest continued fair. 
I think it would puzzle Dr. Tilton to say where that vast multitude of curculios that 
deposited 199,500 eggs before the first of July, have deposited them since that time, 
if they continue their ravages, and equally puzzling it must be to devise a reason why 
any fruit has escaped—why only 20 eggs should be deposited, and 480 peaches left 
undisturbed iif this vast swarm of insects have continued its operations ever since the 
first of July. It may be said that they resort to apples and pears. But before the 
first of July the greater part of the apples had also disappeared from the trees; most of 
those remaining have continued since untouched by the curculio. The worms found 
in them are not the larvee of that insect. I have not succeeded in finding a curculio 
ina pearatany time. The only worms that I have found in pears, (and I have taken 
pains to collect a considerable number this summer), are the larvee (I believe) of 
the gray miller mentioned in my former communication. They resemble the larvee 
of the curculio in having orange colored heads, but differ from them by being larger, 
and having a slight tinge of scarlet or brick color upon portions of the body. Instead 
of popping into the ground, they crawl under the rough bark of the trees, inclose 
themselves in a web, and are transformed into a chestnut colored chrysalis. Placed 
in a tumbler with moist earth, they form a web upon the cover of the tumbler, and 
there undergo their change. As none have yet left the chrysalis state, I suppose (as 
was the case with those which I have before preserved) that they do not complete 
their metamorphosis till spring. All the worms found by me in apples, since the 
first of July, have been similar to those in the pear. 

An excellent observer, David Thomas of Cayuga, maintained the prevailing opinion 
in regard to the worms in our fruits, and with a view to show that I was incorrect, he 
took ‘‘a worm with an orange colored head, from a Bell pear and put it in a tumbler, 
with moist earth, ” on the fifth of August. On the eighth of August he took from apples 
“three more worms with orange colored heads, and which appear to be the full grown 
larvee of the curculio—another similar, but only half as long—and two others resembling 
the former with brown heads, but 100 (10?) times less in bulk than the first kind. 
Viewing these last under the microscope, I am satisfied that they also are larvee of the 
common curculio, thus far confirming Dr. Tilton’s remark that this insect continues 
its ravages from May until autumn.” (New York Farmer, Vol. IV, p. 205.) 

In a subsequent communication, in October, with his accustomed candor, he says, 
“‘N. Darling may be interested to learn that the worms which I confined ‘with orange 
colored heads,’ left the moist earth, and encased themselves in a web under the cover 
of the tumbler. Soon after one of them came forth a dark gray miller; and I conclude 
there was no curculio among them. We are therefore indebted: to him for the interest- 
ing discovery that the larve of several insects feed on our fruits; and it is now rendered 
at least probable that Dr. Tilton ascribed too much of this mischief to the curculio.”’ 
(New York Farmer, Vol. IV, p. 281.) 

With these facts before us I think we may safely conclude that the worm in apples 
is a larva of a gray miller, and not of thecurculio, whichisabug. Also that the curculio 
leaves the ground in a short time after entering it. Its winter retreat has not, within 
my knowledge, yet been discovered. : 

If your correspondent will look under the rough bark of his apple trees in October, 
he will find a great many of the worms from this fruit, which have shut themselves 
in with a web, and are transformed into a chestnut colored chrysalis. If he will care- 
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fully preserve them, he will find them coming out a gray miller. By simply scratch- 
ing off, or rather picking off this rough bark (the scales or flakes, I mean) a vast multi- 
tude of these insects may be destroyed—not all, however, for they resort to other © 
places of concealment, such as crevices in boards, posts and rails. 


That the curculio could be fenced out was the belief of some; note 
the experience of W. Manice from the Cultivator, of 1854, p. 157: 


W. Manice, of Long Island, constructed many years ago a tight board fence around 
his plum orchard, about nine feet high, with tight board gates. The curculio did not 
fly high enough to enter, many striking the sides of the fence and falling outside. 
An acquaintance when in full fruit informed us that all the trees within the enclosure 
were heavily loaded with plums at the same time he observed a tree outside that had 
lost every specimen. 


The following is interesting as indicating the prevalent opinions of 
fruit growers as to remedies by the middle of the last century: 


At the regular monthly meeting of the St. Louis Horticultural Society, held on the 
7th of May, 1849, the curculio was the subject of some interesting remarks; an abstract 
of which we publish from the minutes. We hope the worthy president will perse- 
vere in his experiments until he shall have discovered a specific for this most serious 
hinderance to the cultivation of fruit. 

The president stated that his attention had been called to the various reeommenda- 
tions of remedies or preventives of the ravages of the curculio, one of the most nefari- 
ous pests of the orchard in that part of the country. This insect invariably takes our 
entire crop of apricots, nectarines, and plums, and injures the cherries, and even 
peaches. He has determined to try every practicable proposed remedy of which he 
could avail himself the present season. The following were among those suggested: 

1. Horse stable manure. This was believed to be ineffectual. 

2. Spreading sheets under the trees, and tapping the body and branches with a 
mallet, the insects will fall into the sheets, and may be caught and killed. This is 
believed to be perfectly effectual, though laborious practice: it must be pursued every 
morning for two or three weeks from the time the trees cast their flowers. He presented 
a vial containing sixty-one of these insects, which he caught from three apricot trees 
on the morning of the 5th of April, the young apricots being nearly the size of peas. 

3. Placing a lighted candle under the tree, for two or three hours in the evening in 
a tub or box whitewashed inside, and having at the bottom an inch or two of water. 

4, Placing old iron hoops, or pieces of iron, in the branches of the tree. He had 
seen at his mother’s residence, last fall, a green gage tree having an iron hoop entwined 
among its branches, and from which a crop of fruit. was always obtained whilst the 
fruit of other plum trees near by, without the iron, was destroyed. Dr. S—— had 
mentioned to him facts in connection with the subject, which led him to infer that 
some potent effect was attributable to the iron; it may be worthy of a trial. 

5. The insects may be fenced out by a tight board fence eight to ten feet high. A 
gentleman on Long Island succeeds perfectly with his, but he also paves the ground 
and plants his trees in dwarf, six feet apart. 

6. Placing a coat of salt under the trees. This is believed to be ineffectual, as he 
had partly tried it, but without success. 

7. Covering the ground under the trees with clay. This he had tried, and it did 
no good. 

8. Hanging bottles of sweetened water in the trees. 

9. Smoking the trees with the fumes of burnt sulfur. 

10. Washing the trees, and even the fruit with the strongest decoction of tobacco 
and whale oil soap suds will have no effect. 
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11. Swine and poultry, running daily among the trees, during the fruit season, as a 
permanent annual practice, will ultimately drive away or destroy the insect. The 
poultry, however, are not alone sufficient. Swine are the best exterminators, by 
destroying the larvee of the insect in the fruit as it falls. The insect will avoid places 
unfavorable to the entrance of its young into the ground. 

Captain Bissell said he had tried horse manure and salt without any effect. He 
was inclined to try the swine. 

General Milburn said that a Mr. Price, of this county, kept off the insects by tying 
a band of sheep’s wool around his plum trees. 

Mr, Turner said that a withe around the tree, kept moist with tar, had proved 
ineffectual wi\h him. 

Mr. Clark sard that the insect would not attack the fruit upon a tree standing i in a 
frequented walk. 

The foregoing will indicate the general trend of the early remedial 
suggestions. In the literature on the subject there is much testimony 
in favor of pasturing orchards with hogs and sheep, and allowing 
fowls to run in them, and of paving under the trees. Jarring, although 
recommended and practiced toa certain extent by 1830, apparently 
did not come into general use until considerably later. The develop- 
ment of this method forms an interesting chapter in the evolution of 
remedies for the curculio, but may be considered only briefly (p. 168). 


PREMIUMS FOR REMEDIES FOR THE CURCULIO. 


Premiums have often been offered for the discovery of a suitable 
method of control of an injurious insect, and the plum curculio is no 
exception. The amounts of the awards, however, actually offered 
were small as compared with the amounts offered for other species, 
notably the cotton boll weevil, for which a premium of $50,000 was 
offered by the State of Texas. The first suggestion for an award for 
a remedy for the control of the curculio seems to have been made about 
1830. At this time a lady of New Jersey started a movement to raise 
$2,000 by subscription, and the matter was considered by the Penn- 
sylvania, the New York, and the Massachusetts Horticultural Socie- 
ties, the last organization at least recommending that $200 be appro- 
priated by the society for this purpose.t. The same society, in 1842, 
offered a premium of $100 for a successful remedy for the curculio, 
which amount was raised to $200 by additional subscriptions.. There 
were several contestants for this latter premium, though no method 
of control presented particularly warranted the giving of the award. 
A paper highly commended and published in the proceedings of the 
society for 1843 was prepared in this connection by Dr. Joel Burnett. 

As stated in the Genesee Farmer for 1856 (p. 192) a reward of $500 
was offered by the Kentucky Horticultural Society for an effectual 
remedy which would not be so-costly and troublesome as to prevent 
its general employment. 


1 History Massachusetts Horticultural Society, p. 257. 
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Ten years later (1865) a gentleman from Philadelphia, writing in 
the Country Gentleman (p. 270), suggested a reward of $50,000 for 
a method of curculio control, though no action appears to have 
resulted from his suggestion. 

A somewhat different plan of securing the subjugation of or cur- 
culio was adopted by the Fruit Growers’ Association of Ontario. In 
their list of prizes for 1870 (p. 72) is the following: 

To any person sending to William Saunders, esq., London, transportation prepaid, 


2,009 plum curculio (Conotrachelus nenuphar), the sum of $25, or sending 1,000 the 
sum of $10, or sending 500 the sum of $5. 


As a result of this offer numerous fruit growers made sendings of 
plum curculio during the year, the total reaching 13,653, the largest 
number being sent in by any one person being 2,280, jarred from 20 
plum trees, 10 English cherry, and 30 peach trees, obtained for the 
most part from the plum trees. 

The year following a reward was again offered, but the amount +o 
be paid reduced. Thus, for 5,000 curculio, $20; for 3,000, $10; and 
for 2,000, $5. As stated in Mr. Saunders’s report to the association for 
1871, the number of beetles received was notably less than during the 
year previous, supposedly on account of the reduction in price, no 
award being made for a less number than 2,000 beetles. 


THE RANSOM CHIP PROCESS. 


Considerable interest was aroused in the so-called Ransom chip 
process proposed by W. B. Ransom, of St. Joseph, Mich., in 1870, the 
discovery of which was announced in an extra of the St. Joseph 
Herald. The proposed method is reviewed at length in the American 
Entomologist for June, 1870 (p. 225), by Dr. Riley, who points out 
that the process had been previously proposed by Mrs. H. Wier, of 
Johnsonville, N. Y., in the Rural New Yorker of January 28, 1865. 
The plan consisted in first taking from under the trees all trash, clear- 
ing and packing the soil for a couple of feet around the collar of the 
tree and, second, in placing pieces of bark, chips, small stones, etc., 
close to the trunk of the tree, for hiding places for the beetles, from 
which they were to be regularly collected and destroyed. 

The method was compared with jarring by Dr. E. S. Hull? during 
the period May 29 to June 2, with the result that by the chip process 
13 beetles were taken (including 7 apple curculio), whereas by jarring 
309 were captured. 


JARRING FOR THE CURCULIO. 


Jarring, or shaking, as the practice is very generally designated 
in the earlier literature, was recommended at a very early date. Its 
value rests upon the habit which the beetles have of folding their 
legs and falling to the ground when disturbed. 


1 Trans. Ill. Hort. Soc., 1870, p. 228. 
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A suggestion as to the worth of the practice is found in the Bartram- 
Collinson correspondence in 1746 (p. 157). Jarring was more or less 
in vogue at the beginning of the last century. In Dr. Tilton’s article, 
published in 1804 (p. 157), he refers to the successful experience in 
jarring of a gentleman living near Baltimore. He also records results 
obtained by Col. T. Forest, of Germantown, who, having a fine plum 
tree near his pump, tied a rope from the tree to the pump handle so 
that the tree was gently agitated every time there was occasion to 
pump water. The consequence was that the fruit on this tree was 
preserved i. the greatest perfection. 

The habit of the curculio to fall to the ground or to play possum 
when disturbed is er mnie’ on in the American Farmer for July 17, 
1829, namely: 

When the branch on which it is at work is shaken with some little violence, it drops 
to the earth but makes no attempt to hide. It immediately contracts itself into a 
small lump very much resembling a grain of small black gravel, and thus it evades 
generally the closest inspection. 

Mr. David Thomas was perhaps one of the first fruit growers to 
exploit the method of jarring, and he occasionally published accounts 
of his success, which doubtless greatly hastened its more general 
use. Writing in the New England Farmer for 1831 (p. 413), he says: 

We have lately discovered that much fruit has been punctured by the curculio, and 
we have found it necessary to resort to the method which I proposed in the New York 
Farmer, Vol. III, No.3. By spreading sheets and jarring the trees we have destroyed 


more than 300 of these insects’ within the last 24 hours, and have only to regret that 
this work has been so long delayed. 


Further along in the article he adds: 


Before closing this comment I wish to express my entire confidence in the method 
which we now employ for destroying this insect; and again recommend it to those 
whose fruit trees stand in inclosures from which geese and pigs must necessarily be 
excluded. Diligent attention to this business night and morning for a short period, 
though it may not destroy the whole colony, will secure a sufficiency of fruit, and 
we ought to remember that the labors of next year may be greatly lessened by gathering 
and destroying in the present season the damaged fruit as it falls. 


_ An improvement in the method of dislodging the beetles was hit 
upon a year later, as described by Mr. Thomas in the Genesee Farmer 
for 1832 (p. 185). He states: 


Not three days ago I saw that many plums were punctured and began to suspect that 
shaking the trees was not sufficient. Under a tree in the remote part of the fruit 
garden, having spread the sheets, I therefore made the following experiment: On 
shaking it well J caught 5 curculios; on jarring it with the hand I caught 12 more; 
and on striking it with a stone 8 more dropped on the sheets. I was now convinced 
that I had been in an error, and calling in the necessary assistance and using a hammer 
to jar the tree violently, we caught within less than one hour more than 260 of these 

‘Insects 
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The following spring Mr. Thomas again refers to his method of 
catching the curculio (Genesee Farmer, 1832, pp. 155-156), and 
describes shaking the trees and catching the beetles on sheets kept 
exclusively for the purpose, as commonly practiced. It would thus 
seem that jarring was rather generally employed in his neighborhood 
at that time. 

In 1833 the discovery was made that it was advantageous to 
strike the sawed-off butt of a limb as follows: 

This spring I sawed off one or more lateral branches of about an inch in diameter 
from each tree, leaving a stump to project, from which I removed the bark that the 
wood might harden and also made the head convex with a knife to prevent it from 
battering under the mallet. 

There are frequent accounts in subsequent literature dealing with 
the methods of jarring and giving instructions for the preparation 
of sheets (see fig. 34), but the practice seems to have become notably 
general by about 1850. The um- 
brella type of catcher came into 
use apparently somewhat before 
1848. In The Cultivator for that 
year (p. 182) is given a short 
account of an umbrella catcher 
which, it was stated, had been 
employed for some years. Num- 
erous forms of catchers were 
described and some of .them illus- 
trated, but all were essentially of 
the sheet type, to be held or placed 
Fig. 34.—A simple form of curculio catcher for use on the ground under the tree, or in 

by one person. (After Popular Gardening.) i 

the form of an inverted umbrella. 
An interesting résumé of Mr. Thomas’s experience after more than 20 
years was given by him in The Cultivator for August, 1851 (p. 269), 
in which he expressed fullest confidence in the method and stated 
that whenever the work had been thoroughly done he had never been 
disappointed in results. 

Mr. James Mathews, writing in the Country Gentleman, February ~ 
17, 1853 (p. 102), speaks of having employed the jarring system for 
many years. He employed the umbrella type of catcher. 

A much more pretentious curculio catcher was devised by Dr. E. 5S. 
Hull, of Alton, Ill., a description of which was given in the Practical 
Entomologist for April, 1867, and also in the lowa Homestead, a 
reduced illustration of which is shown in figure 35. <A patent was 
later taken on this catcher by Dr. Hull, but as it proved cumbersome 
several modifications were quickly developed, and some of them by 
Dr. Hull himself. A machine which Dr. Riley considered an im- 
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provement over that of Dr. Hull was described in his Third Missouri 
Report, page 20. Dr. Riley stated that this machine, which had been 
devised by Mr. L. M. Ward, was in quite general use around St. 
Joseph and Benton Harbor, Mich. 


Fig. 35.—A cumbersome wheelbarrow type of curculio catcher, developed and patented about 1869. (After 
American Entomologist.) 


Another curculio catcher, devised and patented by Dr. M. M. Hol- 
ton, of Centralia, Ill., is also described by Riley. All of these devices 
indicate an increase in the practice of jarring and the general demand 
for apparatus for this purpose. 


Fic. 36.—A light wheelbarrow curculio catcher, for sale as late as 1905. 


At the present time there are perhaps few if any individuals or firms 
offering curculio catchers for sale, although unquestionably a consid- 
erable number are still in use. A form of catcher which was on the 
market in 1905 is shown in figure 36, and has been much used in 
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western New York. According to the manufacturer, the umbrella 
was made in sizes of 8, 10, and 12 feet, costing from $15 to $16.50, 
according to size. 

Many growers who have jarred for this insect, and especially where 
labor has been abundant, have preferred to use sheets on frames. 
Extensive work has until recently been in progress in the orchards of 
the Hale Georgia Orchard Co. and elsewhere in the South. The 
sheets and mode of use are shown in Plate XIV, figure 2. 


PRESENT STATUS OF JARRING. 


The last few years have witnessed a notable increase in spraying 
for the curculio, with a corresponding decrease in jarring. This old 
remedy wili doubtless more and more fall into disuse with the increase 
in spraying operations. 

One of the largest jarring operations recorded is that by Messrs. 
W. M. Scott and W. F. Fiske.t During 1900 a Georgia orchardist 
jarred 200,000 bearing peach and 50,000 bearing plum trees about 
six times during the period from April 18 to June 1. Eleven gangs, 
or 55 hands, were engaged in the work, at a total cost of about $1,000. 
It was estimated that about 137,000 curculios were caught during 
the season. Curculio damage in this orchard was placed at about 4 
per cent of the crop, as compared with an estimate of about 40 per 
cent injury in an adjacent orchard of 130,000 trees. 

Although jarring had so long been in use, and was so generally 
recommended, there are practically no precise data in literature 
indicating just what degree of protection is afforded, nor any rela- 
tive to its value as compared with its cost. 

During 1906, at Myrtle, Ga., an attempt was made to secure data 
on the value of this work on peaches. A block of 1,000 6-year-old 
Elberta trees was selected from a larger block of 10,000 trees and 
jarred every other morning from April 11 to June 9. Twelve trees 
in the jarred block were used for making examinations of the fruit 
throughout the season and an identical number were used in the 
larger, unjarred block of the same variety. The results are shown 


in Table LXXXVI: 


1 Bul. 31, n.s., Bur. Ent., U.S. Dept. Agr., pp. 24-35, 1902. 
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Fig. 2.—CURCULIO CATCHER MADE BY SHEETS ON FRAMES, IN USE A FEW YEARS 
AGO IN GEORGIA. 


JARRING APPARATUS IN USE OR RECENTLY IN USE AGAINST THE 
PLUM CURCULIO. 
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Tasir LXXXVI.—Results of jarring Elberta peaches for the plum curculio, Myrtle, 


Ga., 1906. 
| Fruit from ground.| Fruit from tree. 
Total | Average 
Total 
Tree number | percent- 
Plat No.| Treatment. | No, Total Total Total Total au of fruits | age sound 
Fiber, | BUWbEr | oamber. | Bamber *| infested. | fruit. 
TCE imiestede ~* | infested. 

1 75 24 79 2 154 26H Gaaeeceeae 
2 43 29 58 6 101 BD) pee aeccrece 
3 56 7 96 4 152 Lhd Se ere 
4 72 29 157 25 229 by See aS 
‘ 5 43 10 192 10 aes DON sae haneee 
: mee. 6 113 20 *310 12 4 SDE Ree ecee 
Wiscsnease Tebimest 22 Fi 35 12 120 3 155 Tile hea e 

8 96 19 345 15 441 34 

9 43 12 270 17 313 29 

10 19 2 99 7 118 9 

i} 24 7 47 3 71 10 

12 6 1 30 5 36 6 

625 172 1,803 109 2,428 281 
1 188 45 356 38 544 Sai asclse cht As 
2 35 6 138 9 173 nd ieee Borers 
3 61 14 99 7 160 DI ers sae 
4 71 22 195 17 266 OUR ea pass sete 
5 14 6 44 Be a OF eet keke 
- i 6 21 17 123 4 44 Oe eet sees 
Siicsozte: UB TERIeC = 7 30 9 129 13 159 Pp ee ignnee 
8 36 il 192 il 228 DDH eeeataseers teats 
cored 8 5 29 1 37 Gila et. 
10 32 8 175 5 207 le Ae Boe eS 
iit 20 4 95 9 115 EY teehee 
12 27 6 105 8 132 1 ee ere 
543 153 1, 680 135 2,223 288 87. 04 


As will be noted, the jarred plat gave 88.42 per cent of fruit free 
from infestation, as against 87.04 per cent on the untreated block, a 
difference in favor of the jarred plat of 1.38 per cent. Only 2,606 
beetles were captured during the season, and the comparative 
scarcity of these doubtless explains why there was practically no 
difference between the two blocks. 

Table LXXXVII gives results of jarring peaches at Siloam 
Springs, Ark., during 1908. A block of 950 Elbertas was jarred from 
March 28 to June 27. Nine trees from the jarred block and a like 
number from an adjacent untreated part of the orchard were used 
for making counts, as detailed in the following table. 
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TapnE LXXXVII.—Results of jarring Elberta peaches for the plum curculio, Siloam 
Springs, Ark., 1908. 


Fruit from Fruit from Fruit knocked 
ground. tree. off in jarring. 
Total Total Aven 
Plat Treatment Tree num- | number re eof 
No. "| No. Total Total Total | ber of | of fruits | 26 
Total Total Total : . sound 
num- num- num- | fruits .| infested. * 
num | perin- | BUM | ber in-| 2U™- | per in- fruit. 
ber. ber. ber. 
* | fested. fested. fested. 
1 815 14 AT 18 309 ij) abs ila 33))o:2 ease 
2 520 3 45 13 165 1 730 Lee 
3 498 8 31 10 110 0 639 18H See 
4 469 26 2 22 0 92 0 583 33) zc ose 
ieee Jarred ..... 5 326 5 26 7 87 1 439 13) eae 
6 il) 6 19 7 183 0 714 13) oe 
i 705 15 83 25 267 On R0S5: 40 cee 
8 679 12 31 11 211 1 921 24S i eee eee 
9 461 8 33 8 182 0 676 L6H eae ae eee 
4, 985 97 337 106 | 1,606 4| 6,928 
1 324 28 32 A fill eee ees yeete 356 
2 352 29 29 TES lela Raat Al eae 381 
3 341 23 25 ee er eee oe 366 
4 513 39 49 DAN | oie gee elle tee 562 
II....| Untreated - 5 458 22 34 AUS eens eo Hah ene 492 
6 598 35 42 AGI cS AIF oes Eee 640 
7 243 32 37 Lalas lee oe eeee 280. 
8 480 22 40 UD avesiaea te: es eee 520 
9 414 22 Al Bi ae eee alee eee 455 
3, 723 252 329 0 et (ee enor eee os, 4,052 393 90. 30 


The spring of 1908 in that locality was cold and the beetles, which 
were not numerous, were much retarded in their movements. A total 
of 2,189 curculios was taken during the season. The jarred block 
shows a gain of only 6.71 per cent of sound fruit over the block not 
jarred. 

Also, at Barnesville, Ga., during 1910, a block of 336 trees in 10 
rows was jarred from March 10 to time of picking fruit (and subse- 
quently for other records). A check plat of 60 trees (10 rows of 6 
trees each) was laid off on one end of the jarred block. Counts of 
fruit for infestation were made on 20 trees of each plat, as shown in 
Table LXXXVIII. A total of 6,994 beetles was captured by July 30, 
when all fruit had been gathered. 
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Tapue LXXXVIII.—Results of jarring Elberta peaches for the plum curculio, Barnes- 
ville, Ga., 1910. 


Aver- Aver- 

Total otal age per- Total otal age per 
Plat Tranimasrart, Tree | num- | por of centage || Plat Thweeypaacrar. Tree | num- | yor ws centage 

No. No. | ber of ee of No. | ber of of 
as fruit in- fruit in- 
fruit. sound fruit. sound 
fested. jit fested. anit 

| 1 857 ASS Er eaeales 1 961 2865|Bsencics 

| 2| 1,845 SOc eases 2) 1,890 QOON eee yc 

| 3 1, 286 a LNs ees oes ' 3 1,123 NG Al eases 

4 1,076 UGS elses 4 1, 238 ACW ee 

5 606 NOH eee rete | 5 364 AG Sete 

6 529 I pee eacee 6 491 ey Rea aS 
7 615 (a |ae eee 7 410 AB ia Stee Saves ‘ 

8 547 2 Wasa 8 675 AON Sc sesaick 

9 434 A ees rere a a a eee ee 

10 439 (09) Segmeces \ Ul yo ee ae eae 

eee al arredé t= 2 ral 995 3a ie gies II...| Untreated___ i 184 fie Nn meee aes 
12 159 4S eee Hy 1) 726 HOV eee ee 

13 480 BE Seaeee 13 421 Gopi eseese se 

14 355 SS ieerec es - || a4 706 SO seca 

15 519 |B agree GaN 15 398 (a eee 

15 486 Sake eeeehis 16 256 ADDIE Res ate 

17 478 Die secaers 17 424 Oia) eee es 

138 262 GHileseaeeac 18 178 G4 al) See 

19 413 aya eee os 19 633 SY allege ees 

20 112 2 areas oe 20 368 oi) |pemeeisas 
11, 793 522 95. 57 12, 553 1, 769 85. 91 

i 


Comparing the amount of uninfested fruit from the two plats, 
there is shown a gain in favor of jarring of 9.66 per cent of the crop, 
an amount quite insufficient to compensate for the cost of the work. 

During 1909 Mr. W. W. Chase, of the Georgia State Board of 
Entomology, following a plan outlined by the Bureau of Entomology, 
jarred a block of 1,200 Elberta peach trees. The work of jarring, 
although carried out irregularly on account of scarcity of suitable 
labor, nevertheless gave results of interest. The block of trees 
used was 40 by 30 rows and paralleled a piece of woods, being separ- 
ated only by a farm road. Rows were numbered from 1 to 30, 
beginning with the one parallel to the woods. In the jarred block, 
10 trees were selected for making examinations of all of the fruit 
and 8 trees were selected from a nearby section of the orchard, 
untreated. 

As stated in the table, a total of 4,338 peaches was examined from 
the 10 jarred trees, of which 1,739 were infested, giving a percentage 
of sound fruit of 59.91. From the unjarred block of 8 trees a total 
of 2,515 fruits was taken, 1,664 being infested, giving a percentage 
of sound fruit of 33.84, a difference in favor of jarring of 26.07 per 
cent.? 


1 Bul. 32, Ga. State Bd. Entomology, p. 29, 1910. 

2Tn the auinlienaien cited an error in computation manifestly ‘exists where a benefit of 6 per cent is 
stated in text, though a loss of 6 per cent is given in the table, while a correct computation from the 
numbers given of infested and uninfested fruit shows a benefit of 26 per cent. 
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Considering the several records of jarring on peach given above, 
it would appear that this practice, on the whole, is not warranted 
from the benefits derived. Notwithstanding the large total of 
beetles caught in the course of the Barnesville experiment, averaging 
20.81 per tree, there was a lessening of infestation of only about 10 
per cent, as compared with the check. In the other instances, 
where the insects were less abundant, the difference is inconsequential. 

It is, however, a firmly established belief that jarring has been of 
the greatest value in protecting the plum crop, though no exact 
data have been given, and the inference possibly follows the fact of 
capture of the beetles in considerable numbers. It is regretted 
that there has been no opportunity to try jarring on plums. In 
jarring for peaches, furthermore, quite a number of the fruit 1s 
almost unavoidably knocked off, a considerable proportion of which 
is sound. When there is an abundance or excess of fruit, this is 
beneficial; but when the crop is light, there is an important loss 
of fruit. In the Siloam Springs work, in 1908, a total of 1,610 peaches 
was knocked off during the season from the 9 trees, of which 4 only 
were infested. 


CULTIVATION FOR DESTRUCTION OF PUP. 


As has been shown elsewhere (p. 87), practically all of the larvee 
of the plum curculio pupate less than 3 inches below the surface of the 
soil. Over 92 per cent pupate within 2 inches and 63 per cent within 1 
inch of the surface of the ground. The pupz of the curculio, in com- 
mon with those of many other insects, are extremely tender and are 
readily killed or injured by disturbance of the soil. It is probable 
that the mere breaking of the pupal cell, leaving the earth in contact 
with the body of the pupa, would be fatal to many, while others are 
undoubtedly killed by the crushing action of the earth. Superficial 
tillage of orchards when the pupe are in the ground in maximum 
numbers should therefore serve greatly to reduce their number for the 
following season, and tillage during this season is extremely desirable 
as a part of proper orchard management. Pupz not actually killed 
are exposed to the elements and are subject to the attacks of preda- 
ceous enemies, as ants, bird, etc. Sunlight appears to be quickly 
fatal to them and, as stated by Crandall, exposure to the air on a 
warm day in the shade will result in their death in a few hours. 
Extended observations on the life history of the curculio from various 
localities (p. 64) indicate that the insect is in the pupal condition in 
the ground for any locality in from 50 to 65 days after the falling of 
the blossoms of such fruit as the peach and plum. Data have also 
been presented to show that the minimum time spent in the 
ground is about 20 days, though the actual period of pupation is less. 
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Shallow cultivation should begin therefore in about 9 weeks after 
blossoming of peach. These cultivations should be frequent, that is, 
every week or oftener if practicable, and continued for 6 or 7 weeks. 
As most of the larvee enter the soil near the deserted fruit, the earth 
under the spread of the limbs of the trees will contain the great ma- 
jority of the pupz and should receive special attention in the course 
of the cultivations. 

Some experiments have been made to determine the effect, on pup, 
of disturbing the soil: Boxes containing soil were kept in a way to 
approximate out-of-doors conditions as nearly as possible. In some 
boxes the soil was stirred, and in others left undisturbed for com- 
parison. While it has been impossible exactly to duplicate the dis- 
turbance of the earth that would result from field cultivations, yet 
the results are in a way comparable, and indicate as definitely, perhaps, 
as may be determined what may be expected from work of this char- 
acter. The essential features of the results are shown in Table 
LXXXIX. 

In the work at North East, Pa., the boxes were sunk in the soil 
beneath peach trees so that the top would be about level with the 
surface, and were thus subjected to practically normal conditions. 
As indicated in the table, the soil in two boxes was disturbed with a 
rake on July 11 and 20, while two other boxes were left undisturbed. 

In the experiments at Siloam Springs, Ark., in 1908, boxes 2 feet 
square without bottoms were sunk practically lével with the earth 
under the shade of an apple tree. One box was cultivated with a hoe 
June 23. 

In the tests in the insectary at Washington, D. C., in 1908, 4 lots 
were used, 2 being treated and 2 untreated. The larve were placed in 
boxes 24 by 10 inches and 8 to 10 inches deep. These were sunk 
almost level with the surface of the earth. Lot No. 1 was cultivated 
_ by means of a hoe July 8 and 15, while lot No. 2 was cultivated only 
once, on July 15. The soil was disturbed to a depth of 6 inches, 
exposing many of the pupe. 

At Douglas, Mich., the boxes were placed in a bright though some- 
what shaded location and the soil in lot No. 1 was disturbed weekly 
by means of a small stick or lead pencil drawn back and forth, extend- 
ing to a depth of 3 or 4 inches in the soil. 

In the experiments at Barnesville, Ga., in 1910, 4 bottomless 
wooden boxes 10 by 12 by 8 inches were used and sunk in the soil on 
the north side of a house, thus being shaded for about one-half of the 
day. Lots Nos. 1 and 3 were placed in sandy loam and lots Nos. 2 
and 4.in red clay. 


17262°—Bull. 103—12——12 
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Taste LXXXIX.—EH fect of stirring soil on destruction of pupex of the plum curculio. 


Dwar Aver- 
a } Per- age ae Per- 
um- centage] per- - 5o| centage 
Adults = centage . 
Locality and date. ra ber of Treatment given soil. | emerg- pt ce adults a 
used. m8. | from | from ‘pou treat- 
larve. | treated treated | Ment 
boxes ate 
boxes 
1906. 
North East, Pa.......- 1 200 | Soil disturbed July 11 25 |, 12.80) 1502s 2es| Sea ees See 
and 20. 
Dor eae Seat eeeee 2 200) {ence Onaekiee et snake! 32°] 16.00") 1/4. 255|2e5 255 | See 
Dore tieeseeeecepens 3 200 | Soil not disturbed....-... 71.) 35.50"). kes] eee ee 
Dost oee. Bae She 4 200 |P2ee OS SecEernaacaentoos 75) | CY620) |e 55n5c55 36. 50 22.25 
1908. 
Siloam Springs, Ark....] 1 451 | Soil disturbed June 23... 60) )- 7138530) A35305|S2eee ees seeeeeee 
IDOE Se peeacedersene 2 451 | Soil not disturbed.....-. 1350/9295, 938 |Seeeeeees 29. 93 16. 63 
Washington, D.C.._..- il 558 ! Soil custagped July 8 20 3.58). 2. del ee eee Cee 
and 15. 
1D Yo ese at ape teed ee 2 51 | Soil disturbed July 15... 24 | 47.06 7:22))\) 2 eee eee 
Domes ee ele 3 468 | Soil not disturbed...--.. 267} 57.05 |h 2022254 Saeeenee Seco 
ID eae een 7 aoe 4 1B |lcosoc dO -toeee-eceeescceee 59)| 43507 lease see 53. 88 46. 66 
1910. 
Douglas, Mich..--- eee cll 98 | Soil disturbed fre- 2 2. 04 2.04") 5.2 5c6s8|ceaecls 
quently. : 
DOA Gene eer ene 2 98 | Soil not disturbed... -.-.. L7a|) Seto | Seeeeees 17.35 15.31 
Barnesville, Ga......-. 1 173 | Soil disturbed June 17.-- PAW lane be el eer lec soecellaacasoc = 
1D) Sean aeee ener 2 191 | Soil disturbed June 8... - 12 6. 28 9.06 052. eee ace 
(DO ReRe ene se neaee 3 173 | Soil not disturbed-.....-- T19:) 68.79). 2. 2S. saps See 
IDOLE Re ae a ERS 4 TOM See OSU: SEG ESE O88) blo Rees 59. 61 50. 55 
‘Average of totalys|\.22)s. 22 be aleen nese ds cee aases (ERE Meena nee Eee 10.20 | 48.85 33. 65 


As will be noted, there is with one exception an important decrease 
in the number of adult curculios emerging from boxes i which the 
earth was stirred. In the case of lot No. 2, at Washington, D. C., 
an unusually large number of adults emerged. The larve were 
placed in this box June 29 and were doubtless all in the pupal stage 
by July 15, when the cultivation was given. It is to be noted, how- 
ever, that there is a considerable variation in the percentage of insects 
killed by stirring the soil from the different localities. This perhaps 
results from differences in the methods of treatment. The total 
average percentage of adults emerging from the treated boxes, 
namely, 10.20, as compared with the total average from all untreated 
boxes, namely, 43.85, shows a difference in favor of stirring the soil 
of 33.65 per cent. Comparing the total number of beetles emerging 
from the untreated boxes, 841, with the total number of beetles 
from the treated, 196, shows a probable number killed by treatment 
of 645, a percentage of benefit of 76.75. 


SPRAYING WITH ARSENICALS. 


It is impossible to state with certainty who first used arsenical 
poisons for the control of the plum curculio. They doubtless came 
in along with the use of Paris green against cankerworms and the’ 
codling moth. Paris green was recommended by Mr. G. M. Smith, 
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of Berlin, Wis., to the St. Joseph, Mich., Horticultural Society in the 
fall of 1870,1 in the article which follows, which is the earliest recom- 
mendation we have seen: 


My method of destroying the little Turk is to give the trees a judicious sprinkling 
of Paris green. My plum trees are living witnesses of the excellence of this treatment, 
for they are for the first time loaded with fruit and some of them overloaded, and not 
a mark of the curculio can be found. This is the third season in this region that we 
have used the Paris green for destroying the Colorado potato beetle, and I find it 
effectual not only for them, but for all insects that feed on the foliage of trees or plants. 
No other preparation, as I am aware, has yet been used that is so inexpensive and 
easily prepared and applied as this. It isa perfect protection to the melon and squash 


vines against the ravages of the striped bug, to rose bushes from the slug, and the © 


currant and raspberry from the worm. This is as far as my experience extends, but 
I see no reason why the cankerworm and the caterpillar could not be destroyed by 
this preparation. Last season I applied the Paris green to my trees, and I wassatisfied 
that it had its effect on the curculio, but the season was so cold and wet here, and 
insects generally were so scarce and the fruits rotted so badly, I could not fully decide. 
But this season the unusual warm weather brought them out early, and on noticing 
their marks on the fruit I made an application of the green to my trees and repeated 
it every week or ten days. The fruit that was stung dropped off, but it is the last I 
have seen of the curculio, although in other localities where it has not been used they 
have been constantly at work. My manner of using this poison is to mix 30 parts 
of flour or fine middlings to one of the Paris green (this is the same proportion that we 
use on our potato vines); take a two or three quart tin pail and perforate the bottom 
and fasten to a pole, and while the dew is on shake it over the tree, standing on the 
windward side and not inhale any of the dust. A slight dusting is sufficient, and it 
will be found strong enough for all practical purposes. 


The value of Paris green for this insect was questioned by Dr. 
Riley in the American Entomologist and Botanist for October, 1870, 
and the paragraph which appeared there also appeared in his Third 
Missouri Report, published the same year. Riley states: 

Even if the uniform application of such a poisonous drug on large trees were true, 
it would never succeed in killing one curculio in a hundred. Paris green kills the 
leaf-eating beetles by being taken internally with the larve, but the curculio, with 
its snout, prefers to gouge under the skin of the fruit, and only exceptionally devours 
the leaves. Yet, notwithstanding the palpable absurdity of the remedy, it is very 
generally passed from one journal to another without comment. 

It would seem that the suggestion by Mr. Smith in 1870 was very 
generally copied in the horticultural and agricultural journals of the 
day. The writers, however, have not been able to find references to 
the subject during the interim from 1870 to about 1880. The recom- 
mendation had apparently not made much impression, for in an 
extended article on the plum curculio, dealing especially with reme- 
dies, Mr. B. Gott, in the Annual Report of the Entomological Society 
of Ontario (1879), makes no mention whatever of Paris green or 
other arsenicals. : ) 


1 Moore’s Rural New Yorker, vol. 22, p. 45, 1870, 
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By the early eighties, however, Paris green had come into some 
use. Thus Riley and Howard record the case of Mr. J. Luther 
Bowers, of Herndon, Va., who had informed these gentlemen that 
during the summer of 1880, while he was living in Clark County, 
Va., he had sprayed his trees with Paris green in the proportion of 
1 tablespoonful of green to 5 gallons of water, making the applica- 
tion with a Whitman fountam pump. He sprayed soon after the 
petals fell and again in a week or ten days. The result was the most 
perfect crop of phic he had ever grown. 

_ In his annual address as president of the Ontane Entomological 
Society, delivered October 15, 1884, Mr. William Saunders, con- 
cerning the Paris green treatment Aye the curculio, said: 


From the evidence this far obtained it would appear that the remedy which has 
been found so efficacious in subduing the codling moth of apple, namely, Paris green 
and water in the proportion of a tablespoonful of the poison to a pail of water, will also 
protect the plum crop from the ravages of the curculio. 


Under the caption ‘‘Paris green and the curculio,’”’ Mr. William 
Creed, writing in Purdy’s Fruit Recorder for November, 1885, states: 


In the October number of the Fruit Recorder of the present year, you invite the 
experience of those who have experimented with Paris green upon the curculio. You 
will find a record of facts in this direction, from my pen, in your paper dated August, 
1884, and until some tangible refutation can be produced by others to affect its value, 
it should not be looked upon with distrust. That Paris green will “do the buisness” 
for the little Turk, I think is irrefutable—certainly it is so from my own knowledge 
and trial for the three last seasons, and I will say positively that on very close inves- 
tigation upon this year’s crop, I have not had one plum, prune, or damson fall from 
the punctures of a curculio. But previous to the use of this remedy I looked upon 
plum culture with an instinctive dismay almost ungovernable, on account of its non- 
reliability. Of course, it is not for me to force an argument or intrude too much upon 
your columns concerning this curculio remedy, but will simply crave a little space to 
show the sample of some plum growers’ logic when told of my experiments and re- 
sults. The whole batch of arguments by these men do not, however, amount to a 
“row of pins.” The following “walks and talks” happened in 1884. The first was 
with a nurseryman, who said, so far as 1884 was concerned, he considered the apparent 
success as stated was no criterion to go by, as it was a great plum year in this neighbor- 
hood. The second talk was with a gentleman who has about 5 acres of plums, 
prunes, and damsons. He would not listen to the subject a moment. “But,” said I, 
“you now have coming into bearing a fine lot of nectarine trees and you may want a 
curculio remedy,” and I at once suggested the intelligent use of Paris green by spray- 
ing, but tonoavail. “Shaking,” would do for him. The third gent was from Michi- 
gan and editor and proprietor of a paper and a lover of good fruits, but hater of the 


curculio, which was evidenced by saying that his remedy for the curculio was to cut 


the tree down, which he had done, and bought his plums from distant localities where 
the insect is less plentiful and the plum crop more to be depended upon. © 

You will see from the foregoing that there is but poor encouragement and little 
temptation to introduce a good thing, and had you not invited another year’s expe- 
rience, I should have let the matter drop. Let it be understood that I do not claim 
priority of suggestion of the use of Paris green for the extinction of the curculio, as 
there may have been thousands of others investigating the matter on the same basis 
and about which I am totally ignorant; but what I do know is that I gave you my 
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method after a second year’s trial, and as in this case, so also with regard to pear blight, 
I first put forth my theory of the latter in the Fruit Recorder, as being among the papers 
with the largest circulation and as most likely to meet with the largest results and atten- 
tion; and in November, 1877, when I classified pear blight as a zymotic disease and 
suggested an investigation upon this theory it was apparently at once taken up by 
Prof. Burrill and continued by other professors of microbotany, and to-day the 
bacterian theory of pear blight has become an established fact and the prevention or 
modification of the disease may be looked upon with a degree of certainty at no distant 
day. Now for some one to step forward and supplant the first stepping-stone to the 
proper study of pear blight as it appeared in the Recorder of 1877. 

In the spring of 1885, Dr. Riley, in an address before the Missis- 
sippi Valley Horticultural Society, at New Orlenas, La., discussing 
the feeding habits of the beetles, urged experimentation with arseni- 
eals in this direction, as promising fair results—not, however, in the 
very nature of the case as satisfactory as in the case of the codling 
moth. : 

During the summer of the same year Dr. S. A. Forbes began ex- 
periments in Illinois in the control of the codling moth and apple 
and plum curculio, reporting the results in the Prairie Farmer of 
December 19, 1885, and also in the Transactions of the Illinois State 
Horticultural Society for that year, which appeared from the press 
the following year. Paris green and London purple were tried on 
apple. Paris green was used at the rate of three-fourths ounce to 
24 gallons of water (equaling approximately 1 pound to 50 gallons), 
the metallic arsenic present being 15.4 per cent. Two trees were 
sprayed eight times during the season, the first applications being 
made on June 9 and 13, respectively. Two trees of the same variety 
of apple were left unsprayed for purposes of comparison. 

In regard to the effect of the treatment of the curculio, Prof. 
Forbes says: 

Of the 1,975 apples from these two poisoned trees which were examined for the 
curculio injury, 542, or 27.3 per cent, bore the brand of the insect’s beak, while of the 
1,172 obtained from the check trees, 602, or 57.3 per cent, had been so injured, the 
ratio of apples punctured by the curculio on the poisoned trees being half as many 
times on the trees that had not been sprayed. A careful inspection of our tables 
showed that this was a fact apparent throughout the season. Considering the picked 
apples only the results are somewhat more favorable, and if the fallen apples are also 
taken into count, the percentage of those damaged by the curculios on the check trees 
being 76.5 and upon those sprayed with Paris green 34.4 per cent. 

During the summer of 1886 Prof. Forbes continued his experiments 
with arsenicals in the control of the codling moth, particularly com- 
paring Paris green and white arsenic, noting also the effect of the 
treatments on the curculio. 

These experiments by Prof. Forbes seem to be the first careful 
ones made to determine the value of arsenicals in curculio control. 
In an earlier part of his article Prof. Forbes notes that Paris green 
had been very generally recommended. 
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In the report of the secretary of the State Board of Agriculture for 
Michigan for 1887, Prof. A. J. Cook reports upon Paris green for the 
curculio as follows: 

Paris green in the proportion of 1 tablespoonful to 6 gallons of water was very thor- 
oughly sprayed upon 4 plum trees May 18. The petals had all fallen, but the dried 
calyces still clung to the fruit. On August 20 the trees were visited, when it was 
found that the two treated trees of the wild goose variety had dropped all their fruit, 
as had the untreated trees of the same kind. Another treated tree of a yellow variety 
was loaded with plums, of which only 15 per cent were stung and those not badly. 
The fourth treated tree was a purple variety and had not less than 75 per cent of its 
fruit badly stung. 

During the season of 1887 experiments were begun with Paris green 
sprays by Prof. W. B. Alwood, at that time an agent of the Division 
of Entomology of this department, as detailed in the Report of the 
Entomologist for that year. These experiments were not begun 
until after the beetles had commenced work. No definite inferences 
in regard to the experiments may be drawn, since these were not 
finally concluded. Prof. Alwood thought, however, that the cur- 
culios ate enough to make it possible to poison some of them, but the 
benefit derived was in his opinion yet unsettled. 

In Bulletin 3 of the Ohio Agricultural Experiment Station, issued in 
May, 1888, Prof. C. M. Weed, under the caption ‘“‘ Experiments with 
remedies for the plum curculio,”’ announced proposed tests of three 
specified methods of control of this insect, and adds: 

Spraying with London purple or Paris green as soon as the blossoms fall as recom- 
mended for the apple. I am reliably informed by many of the largest fruit-growing 
firms of western New York that in this way they succeeded in avoiding the curculio 
and raised large crops of plums. The method has been recommended at various times 
for several years, but as yet has certainly received little attention. 


The same season Prof. Weed put into effect his line of treatment, 
the results of which were given in Bulletin 4 of the Ohio Station, 
which appeared in July. A young orchard of early Richmond cher- 
ries was employed, and in regard to his work he concluded as follows: 


(1) That three-fourths of the cherries liable to injury by the plum curculio can be 
saved by two or three applications of London purple in a water spray (in the propor- 
tion of 1 ounce to 5 gallons of water) made soon after the blossoms fall. (2) That if 
an interval of a month occurs between the last application and the ripening of the 
fruit no danger to health need be apprehended from its use. As a precautionary 
measure, however, I would advise in all cases, and especially where there are few 
rains during this interval, that the fruit be thoroughly washed before it is used. 


Prof. Weed continued his studies of spraying for the curculio in 
1889, using also the early Richmond cherry. His statement of 
results covering two seasons’ work on cherry is as follows: 

This series of experiments carried on through two seasons upon two varieties of cherry 
trees and four varieties of plum trees, during which a total of 6,500 cherries have been 


individually examined, seems to me to confirm the conclusions provisionally an- 
nounced one year ago, which may now be put in the following form: (1) That about 
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three-fourths of the cherries liable to injury by the curculio can be saved by two or 
three applications of London purple in a water spray in the proportion of 1 ounce to 
10 gallons of water. (2) That a sufficiently large proportion of the plum crop can be 
saved by the same treatment to insure a good yield when a fair amount of the fruit 
isset. (3) That if an interval of a month or more occurs between the last application 
and the ripening of the fruit no danger to health need be apprehended from its use. 
(4) That spraying with the arsenicals is cheaper and more practical than any other 
_known method in preventing the injuries from this insect. 

During the season of 1890 spraying experiments on a commercial 
scale were carried out.by Mr. Weed in an orchard of 900 five-year-old 
plum trees in the fruit belt along the lake shore in northern Ohio, 
and a comparison was made relative to the merits of spraying versus 
jarring. As a result of this test several plum orchards in northern 
Ohio were sprayed for the curculio during 1891 and the consensus 
of opinion of the growers was in favor of the practice. Tests were 
also made the same season by the horticulturist of the Ohio Station, 
Prof. W. J. Green, both on the station grounds and in Ontario County, 
Ohio. Paris green was used in combination with Bordeaux mixture. 
The results on sprayed trees showed that about 20 per cent were 
injured by the insect, whereas unsprayed trees had about 70 per cent 
of injured fruit. 

Prof. Herbert Osborn, at that time an agent of the Division of 
Entomology of this department, also carried out spraying experi- 
ments in the use of arsenicals against the curculio during the summer 
of 1888. The poison used was London purple, at the rate of one-half 
pound to 100 gallons of water, with the addition of a small amount of 
soapsuds. The first treatment was given June 1, when the fruit was 
the size of small peas and before any indications of injury by the 
insect were to be found. The results of counts of all fruit from sev- 
eral varieties treated, sprayed and unsprayed, gave for the sprayed 
trees 32.48 per cent stung and 5.71 per cent containing larve. The 
unsprayed trees gave 41.86 per cent stung and 10.39 per cent of the 
fruit infested. It was concluded that the proportion of fruit stung in 
the orchard was so small as to give no benefit from spraying. 

London purple was also tested during the season of 1888 on plums 
by Mr. G. C. Brackett, at Lawrence, Kans. Prof. Cook, in Bulletin 
39 of the Michigan Agricultural Experiment Station, issued in 1888, 
says: 

It will be remembered that I have used the London purple several years with quite 
indifferent success to keep out principally the curculio. The fact that some fruit 
growers reported excellent success with this remedy led me to conclude that possibly 
I had not been persistent and thorough enough in this warfare. The curculio com- 
mences to work anywhere on the plum, which has a smooth surface, while the codling 
moth lays its egg right in the cup or funnel-like calyx end of the apple. Thus the 
wind and rain would free the plum or cherry or general surface of the apple of the 


poison much more readily and quickly than they would the rough cavity end of the 
apple. Thus we can understand how, granting that the arsenites are alike effective 
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against the codling moth and curculio, more care would be required in resisting the 
attack of the latter. This season we arranged our experiments with this point directly 
in view. On June 4, the trees, both plum and cherry, were jarred and curculio were 
caught. The mark of the curculio was also found on both cherries and plums. The 
trees were sprayed June 6, June 12, and June 20. The material was the same as that 
used in spraying the apples, namely, 1 pound London purple to 100 gallons water. 
Careful examinations June 12 found no stung cherries and very few plums. June 26, 
250 cherries were picked from the sprayed trees, and not one was injured. The crop 
of cherries was large and no cherries from the sprayed trees were wormy. July 16and 
18 the fallen plums were all gathered under the trees and cut open. On tree No. 1 
there were 16 plums, of which 10 were wormy. Tree No. 2 (wild goose), 117 plums, 
23 wormy. Tree No. 3 (Washington), 33 plums, 3 wormy. Close examination found 
no stung plums on the trees, and the crop upon picking was very free from injury. 
Cherry and apple trees near by not sprayed suffered seriously. 


CONCLUSIONS. 


From these experiments and those of former years I conclude that while one appli- 
cation will not save our plums and cherries and prevent apples from being stung, 
two or three applications may be of signal advantage. 


In 1888 Prof. Forbes began a series of observations to determine 
some details of the food and feeding habits of the curculio and to test 
its susceptibility to arsenical poisons when distributed on the trees 
frequented. Observations were also made on a strength of poison 
which might be used on peach foliage without marked injury. As a 
result of his studies he concluded: 


There can certainly be no further question of the liability of the curculio to poisoning 
by very moderate amounts of either London purple or Paris green while feeding on 
the leaves and fruit of peach and plum, but much additional experimentation is 
needed to test the possibility of preventing serious injury to these fruits by this means. 
The pupal hibernation and late appearance of a considerable percentage of the cur- 
culios make it possible that spraying must be several times repeated and perhaps car- 
ried further into the season than is consistent with safety; and the limit of tolerance of 
these poisons by the peach under ordinarily trying circumstances had not been clearly 
ascertained. Further, the observations reported above on the food plants of the cur- 
culio make it likely that in nature a smaller proportion of the food of these beetles 
comes from the peach or plum than has hitherto seemed possible, and that poisons 
there applied would kill less certainly. It seems worth while to make the attempt to 
attract the adult to flowering plants in the orchard other than the peach, with the 
hope of poisoning it there (especially late in the season) without using these dangerous 
insecticides on fruits afterwards to be eaten. 


Prof. C. P. Gillette, in Bulletin 9 of the Iowa Agricultural Experi- 
ment Station, issued in May, 1890, records observations on the cur- 
culio and plum gouger, giving results of spraying plums with London 
purple for the control of both of these insects. His work led him to 
believe as follows regarding the efficiency of arsenicals: 

The two applications of London purple and water, although not made at the times 


best suited to destroy the curculio, apparently gave a protection of 44 per cent against 
the ravages of this insect. 
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London purple and water in the proportion of 1 pound to 120 gallons is much too 
strong a mixture for plum trees. One-half of this strength is as strong a mixture as 
should be used. 

In summing up the situation as to the use of arsenicals against the 
curculio, in 1887, Riley and Howard state: 

On the whole, the remedy is one which is a desirable addition to our list, although 
it will never become so great a success as the application of the poisons for the codling 
moth, and for two reasons: (1) The egg is deposited and the beetle gnaws preferably 
upon the smooth cheek of the fruit where the poison does not readily adhere and from 
which it is more easily washed off; (2) the larva eating directly from the flap does not 
come in contact with the poison as does the larva of the codling moth. 

The foregoing will give a fair idea of the rise of spraying with arsen- 
icals for the curculio. By about 1890 the practice unquestionably 
had become rather general, although jarring was still employed by 
many growers. The injury to the foliage of stone fruits by such 
arsenicals as Paris green and London purple, frequently noted by 
orchardists and the early experimenters, no doubt greatly retarded 
the adoption of these poisons. The development, however, in 1892, 
by the Massachusetts Gipsy Moth Commission, of arsenate of lead, an 
insecticide much less caustic to the foliage than either Paris green or 
London purple, gave a considerable impetus to spraying for the cur- 
culio, especially on peaches and plums. Spraying, however, had been 
in effect two decades or more before its real merits on a commercial 
basis had been determined. The careful experiments of F orbes, 
Weed, Alwood, and perhaps others, had shown unmistakably that the 
injuries could be materially reduced by frequent spraying, and the 
testimony of many fruit growers was decidedly in favor of it. There 
were others, however, who doubted its efficiency, and continued the 
practice of jarring. 


FEEDING EXPERIMENTS WITH POISONS. 


The point has several times been raised in the case of arsenate of 
lead whether this did not act mainly as a repellent; and in an exper- 
iment by W. W. Chase a report bearing on this question is given.! 
A single small peach tree was covered with fine wire screen. The 
tree was literally soaked with lead arsenate, 3 pounds to 50 gallons 
of water, and after the poison had dried another application was 
given. The day following, May 11, 372 curculios which had been con- 
fined 48 hours without food were liberated in the cage. Subsequent 
close observation failed to discover a single beetle feeding on the tree, 
and in fact the beetles seemed to have the strongest aversion to it. 
At the end of 10 days all the beetles were dead, except a few which 
may have escaped. It would appear to the writers that in this case 


1 Bul. 32, Georgia State Board Entomology, p. 27. 
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the poison was applied much too freely, and as used would undoubt- 
edly have acted as a repellent. In the case of Paris-green sprays in 
water there could be no repellent action attributed, and with arsenate 
of lead, as used in practice, it would seem established that its value 
lies more in killing of the insects than in possible repellent action. © 

In the course of these studies numerous feeding tests have been 
made with the curculio, especially with different brands of arsenate 
of lead and other miscellaneous arsenicals. Results of a feeding test 
made in 1906 are shown below (Table XC), where apple, pear, peach, 
plum, and cherry branches bearing foliage and fruit were used. 
Twigs of plants placed in bottles with water were used and all were 
sprayed at some time with arsenate of lead at the rate of 2 pounds 
to 50 gallons of water, using a hand pump and Vermorel nozzle. 
With each fruit the poison test was made in duplicate with a single 
check. After the spray had dried on the foliage the branch was 
placed under a large cylinder with cloth over top, and 20 beetles, 
collected that morning by jarring, were added. 


TasLE XC.—Tests of the killing effect of arsenate of lead on the plum curculio on 
specified fruits, Washington, D. C., 1906. 


Apple. Pear. Peach. Plum. Cherry. 
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Total 252552 ose eee eee ees 16) 16} 1) 19] 16} 3) 13] 17 17a | 38 eee lie ea 2 
Beetles alive at close of observations..| 4] 4]19] 1] 4]17] 7] 3/19] 3] 7) 20} 3] 3) 48 


The résults uniformly show a prompt killing effect on the beetles 
by the arsenate of lead on the varieties of fruits used. It is also 
evident that the insects feed freely durmg midsummer. 

During 1910, in Georgia, numerous feeding tests were made using 
several of the more important brands of arsenate of lead, as well as 
other miscellaneous arsenicals. In Table XCI are given results of 
feeding tests on peach twigs taken from trees in orchards immediately 
after spraying, April 13 and 14, and placed under cylinders. April 
16, 50 beetles were added to each cylinder and records made daily 
of the number of beetles dying. The poisons were used of the strength 
indicated in the foliage test experiments (p. 205). The killing eect 
of all of the poisons was fairly prompt, the various brands of arsenate 
of lead working fairly uniformly. Red arsenic sulphid and arsenic 
tersulphid were quicker in action than the lead arsenates, although, as 
elsewhere noted, these poisons were notably injurious to the foliage of 
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peach. Ferrous arsenate was much slower in action, but effective, 
as shown by comparison of the condition of beetles fed on poisoned 
foliage with the condition of the beetles on the check. 


Taste XCI.—Tests of killing effect of lead arsenates and other arsenicals on the plum 
curculio on peach, Georgia, 1910. 


Beetles dying from each of the arsenicals. 
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1 Duplicate test started Apr. 20. 


In Table XCITI are shown results of feeding tests with several mis- 
cellaneous arsenicals, as specified, used in the self-boiled lime-sulphur 
wash and simply in lime water. As before, twigs were cut from 
peach trees in sprayed plats in orchards and placed under glass 
cylinders. Spraying was done April 28 and 30, and 50 beetles were 
added to each jar April 30. The beetles in all of these tests were 
fresh, having been jarred from peach trees a day or so previous. An 
accelerated killing effect seems to have followed the use of the com- 
bined self-boiled and arsenical sprays, as compared with the arsenical 
used alone. The comparatively slow action of arsenate of iron is 
again noted, though when used in the lime-sulphur wash it compares 
favorably with arsenate of lead. 


188 THE PLUM CURCULIO. 


Taste XCII.—Tests of killing effect of various arsenicals on the plum curculio on peach, 
Georgia, 1910. 


Beetles dying from each of the arsenicals. 
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A feeding test was made with beetles in lots of 50, using twigs 
bearing fruit and foliage from sprayed trees in the orchard, except. 
in case of lot 6, where foliage had been removed. Trees were sprayed, 
April 4 and 5, with arsenate of lead at the rate of 2 pounds to 50 gal- 
Tons of water, and feeding tests started April 5, except with lots 7 
and 8, which were started April 7. It will be noted that all the 
beetles on the sprayed branches were killed within about a week, 
except lot 6, where fruit only was present and the period was length- 
ened. (See Table XCIII.) 
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TABLE XCIII.— Tests of killing effect on the plum curculio of arsenate of lead sprayed 
on peach foliage and fruit, Georgia, 1910. 


Beetles dying in each lot. 
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‘Condition on Apr.17.| Lot 1. Lot 2. Lot 3. Lot 4. Lot 5. Lot 6. Lot 7. Lot 8. 
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Some feeding tests made by Mr. Johnson to determine the possi- 
bility of preventing the fall-feeding punctures of the curculio on 
apple are interesting: 

August 17, a branch of Baldwin apple tree bearing fruit, after 
spraying with arsenate of lead at the rate of 3 pounds to 50 gallons 
of water, was inclosed in a cage with 50 beetles. Twenty beetles had 
died by August 28. An examination of the apples showed 3 without 
punctures and 8 with punctures, as follows: Fruit No.1, 5 punctures; 
Now2-7 No. 3. 14> No.4, 15; No. 5, 16; No. 6,28; No. 7,41; No. 8, 
49; a total of 175 punctures on the 8 fruits. 

The condition of a check branch bearing 8 apples on this date was: 
Fruit No. 1, 66 punctures; No. 2,14; No. 3,45; No. 4,18; No. 5, 26; 
No. 6, 58; No. 7, 23; No. 8, 63; a total of 343 punctures. None of 
the beetles was dead in this cage and the punctures were much larger. 


SPRAYING FOR THE CURCULIO ON APPLE. 
EARLY EXPERIMENTS. 


The first experiments of which we are aware, made to determine 
the value of arsenicals in the control of the curculio on apple, are 
those reported by Forbes in 1885, and already referred to (p. 181). 
In this work 8 trees were used, 4 of them being sprayed and 4 re- 
reserved as checks. Two of the trees were treated with Paris green, 
1 with London purple, and 1 with lime. Two applications were 
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made 8 times, beginning June 9 and continuing until September 3. 
The two trees sprayed with Paris green at the rate of 1 pound to 50 
gallons of water showed a benefit in lessening curculio injury as com- 
pared with the unsprayed trees of about 50 per cent—more exactly, 
72.70 per cent of the fruit was uninjured as against 42.70 per cent 
uninjured on the unsprayed trees. The trees that had been sprayed 
with London purple gave 61 per cent sound fruit as against 62 per 
cent fruit from the unsprayed trees. Jn conclusion Prof. Forbes 
states: 

Furthermore, if we must judge from results thus far reached, these various appli- 
cations are all of too slight effect upon the apple for plum curculios to make them 


worth use against these insects, Paris green diminishing curculio blemishes less than 
one-half, London purple about one-fifth, and lime not far from one-fourth. 


No further experiments seem to have been made until 1900, at 
which time Prof. Stedman began. an investigation of the curculio on 
apple, which was continued during 1901 and 1902, the results of 
which are given in the bulletin of the Missouri Agricultural Experi- 
ment Station No. 64, published in 1904. Experiments in spraying 
apples were made in three different orchards. It was desired to test 
the practicability of killing the beetles while they were feeding on 
the leaves before the appearance of the bloom. One-half of each 
orchard was sprayed twice from the time the leaves opened until 
the blossoms opened, leaving the other half as check. These exper- 
iments were repeated the following year, and in addition four appli- 
cations were given after the falling of the blossoms at intervals of 
10 days. By this means about 60 per cent of the fruit was protected 
in spite of reinfestation of the sprayed trees from the unsprayed 
part of the orchard. The desirability of spraying the entire orchard — 
to prevent overflow was pointed out, as under these conditions the 
benefits would be very marked, and the great bulk of the ee 
would be prevented. 

In the report of the Illinois State Horticultural Society for 1902, 
page 158, Prof. E. S. Titus discusses the plum curculio under the 
caption “Insects other than the codling moth injurious to the fruit of 
apple,” and gives results of observations made at the instance of 
Dr. Forbes. In regard to the use of arsenicals he says: 

The experiments tried in the Illinois entomologist’s office several years ago showed 
very clearly that the curculio may be killed by spraying trees to which it resorts in 
early spring with Paris green or other arsenical poisons, as it feeds at that time largely 
on youngleaves. Consequently, other things being equal, that orchard will be least 
infested and its fruit least injured whose trees are sprayed early in the spring, as for the 
codling moth or canker worm. On the whole, however, much the most promising 
and important measure is the prompt destruction of fallen apples to prevent the escape 


of the curculio larve into the earth, after which it is almost impossible for these 
larve to go through their usual transformation. 
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The first attempt, however, to determine the possible value of 
the use of arsenical poisons in the control of the curculio on apple on a 
commercial scale was begun by Prof. C. S. Crandall, of the Illinois 
Experiment Station, in 1903. His report of operations for that year 
was read before the Elinois State Horticultural Society (vol. 37, pp. 
176-189). Two blocks of sixty 18-year-old trees each in two different 
but adjacent orchards were selected. In the Williams orchard the 
soil was covered for the most part with a bluegrass sod with a heavy 
surface mulch of dead leaves and grass. In the Blair orchard there 
was no sod but a scattered growth of plants, including grasses, and 
the surface mulch of leaves and trash was lighter. From 7 to 16 
applications of an arsenical spray were given to the respective plats, 
including Paris green, arsenate of lead, white arsenic, and arsenite of 
lime, the first three treatments in Bordeaux mixture and the sub- 
sequent ones in water. During the course of the work 29,943 apples 
were examined. In commenting on the results, Prof. Crandall 
states that the spraying did not control the curculio. Apparently 
the frequent spraying had some influence because the percentage ot 
uninjured fruit from the plats sprayed 16 times was a little higher 
than from any other plats. Three reasons were assigned for the 
unfavorable results, namely: 

1. Weather conditions of early spring and their bearing on the 
crop. 

2. Location of the plats directly in the midst of large orchards con- 
tiguous to native woodlands. 

3. Unusual abundance of the insects. 

On the Williams orchard the percentage of sound fruit varied from 
1.26 to 5.29, with an average for all plats of 2.76. Results were 
somewhat better in the Blair orchard, the percentage of sound fruit 
ranging from 2.55 to 16.07, with an average for the several plats 
of 7.13. 

Prof. Crandall continued his work during 1904, as reported for the 
Illinois Horticultural Society (vol. 38, p. 75), and selected a somewhat 
isolated 5-acre orchard, thus eliminating invasion by the insect from 
outside sources. This entire orchard was treated, except the 13 
check trees. ‘The ground was not in sod and the orchard had never 
been sprayed. The spring weather was reasonably favorable and 
the trees bore a fair crop of fruit, and the curculios were much less 
-abundant than in 1903. The schedule of applications was the same 
as employed in 1903. A total of 72,922 apples was examined from all 
of the plats, of which 23,956 were windfalls. The treatments and 
results are shown in Table XCIV. 
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TasLe XCIV.—Results of spraying apples for plum and apple curculios in Illinois, 1904. 


Total 


: Percent- 
Total | number 
met Treatment. 3 Trees. |} number | of fruits Be 
5 of fruits. | pune- ait 

tured. gare 
sere 3 applications Bordeaux mixture and [aris green (check). 13 10,185 7,617 25. 21 
I[....| 10 applications Paris green, 4 pound to 50 gallons water -... 14 14, 352 7,931 | 44. 74 
III...| 16 applications Paris green, 4 pound to 50 gallons water... 13 10, 861 4,118 62. 08 
IV...| 8 applications Paris green, 4 pound to 50 gallons water -..- 15 12,735 7,066 44. 52 
Ver one applications arsenite loi line’: anaes e eens 13 11, 592 6,321 45. 47 
VI_:-| 7 applications arsenate ofilead35-- 2-222. 25252-22222 - eee 12 13,197 7,310 44. 61 


All of the plats, including the check (Plat I), were sprayed three 
times with Bordeaux mixture and Paris green, one-fourth pound to 50 
gallons of the Bordeaux, to protect from apple scab and the codling 
moth, and three sprayings on the checks reduced curculio injury, 
as shown by other trees in the orchard entirely unsprayed, 15.21 per 
cent. The marked influence of seasonal and local conditions on 
curculio injury is very forcibly shown in the Illinois results. The 
treatments in 1903 showed no benefit as regards control of the insect, 
whereas in another orchard in 1904 the saving in fruit from trees 
liable to injury ranged from 27.65 per cent to 54.53 per cent. Prof. 
Crandall states: 

To sum up the matter of spraying for the curculio from the standpoint of results - 
obtained during the two seasons of 1903 and 1904, it seems possible that under favorable 
conditions and with a reasonable number of applications to control curculios to the 
extent of from 20 to 40 per cent of the possible injury. There is benefit to be derived 


from spraying but not that degree of benefit which would warrant commendation of 
spraying as the one great panacea of injury done hy the curculio. 


In the proceedings of the Illinois Horticultural Society for the 
year 1904 (p. 91) Dr. Forbes, in continuation of his study of the 
curculio in Illinois apple orchards begun in 1901, reports results of 
experiments with arsenical sprays carried out in Southern Ilhnois 
and independent of the researches of Prof. Crandall, just alluded to. 
Four plats were established, including the check, and 4, 6, and 8 
applications of arsenate of lead were given, beginning May 6 to 10, when 
the trees were in first full bloom, and repeated at intervals of about 
10 days, ending July 28. Prof. Forbes presents the figures of yield 
of sound and injured fruit, though the experiment loses some of 
its value for the reason that the trees were of different varieties and 
the plats not all under the same conditions, being located in three 
different orchards, although all were on the same farm. Prof. 
Forbes summarizes as follows: 

Finally, to sum up in a word the most important practical results of the orchard 
experiment with arsenate of lead, we may say that four sprayings, apple trees of old 
varieties exposed to a very heavy attack by the plum curculio, the first spraying 


applied in early May just as the trees were coming into bloom and the others at intervals 
of 10 days thereafter, the whole operations costing 17 cents per tree, may be expected 
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to increase the yield of the orchard about one-half, to increase the average size of the 
fruit about one-fifth, and so to improve the quality of the apples that they should be 
worth from 24 to 3 times as much as if the orchard had not been sprayed. . 

These experiments were also reported in a paper before the Ameri- 
can Association of Economic Entomologists, December, 1904, and in 
Bulletin 108 of the Illinois Agricultural Experiment Station, in 
which latter publication data are given showing the considerable 
movement of the beetles from the check to adjacent sprayed plats, a 
factor in results which has not heretofore been given sufficient con- 
sideration. 


EXPERIMENTS BY THE BUREAU OF ENTOMOLOGY. 


During the past few years the Bureau of Entomology has carried 
out spraying experiments against the curculio in different parts of 
the country and under varying orchard conditions. The importance 
of the subject warrants the presentation of results in some detail. 


EXPERIMENTS AT ANDERSON, MO. 


The work at Anderson, Mo., was under the immediate direction of 
Mr. F. W. Faurot and was accomplished in cooperation with the 
Missouri State Fruit Experiment Station. The orchard consisted of 
a fair selection of varieties of 11-year-old trees in good condition. In 
addition to the purely demonstration spraying for insects and dis- 
eases, a test of dusting against spraying was planned on the Lan- 
' singburg variety of apple. The block of Lansingburgs consisted of 
6 rows across one end of an 80-acre orchard and was divided into 6 
plats, including the check. In Table XCV Plat IT is omitted, as it 
duplicates Plat III, except that a less number of treatments was 
given, namely 9. This variety bore a good one-fourth crop. The 
dust was applied with a power duster driven by a gasoline engine. 
The liquid spray was also applied with a gasoline-power outfit except 
for the application immediately following the falling of the petals. 
The soft condition of the ground at this time from rains necessitated 
the use of a barrel outfit, though the pressure as shown by the gauge 
was maintained at 125 pounds. The plats contained trees as follows: 
I, 32; Ill, 35; IV, 70; V, 67; V1, 12. The check trees were in two 
rows across the center of the block. The number of trees from . 
which all fruit was gathered and counted throughout the season for 
each plat is shown in the table. At the time of the first application, 
March 21 to 24, cluster buds were open; and at the time of the second 
application, April 14 to 16, the petals had been down for 4 or 5 days. - 
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Taste XOV.—Results of spraying Lansingburg apples for the plum curculio, Anderson, 


Mo., 1908. 
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pouuds)eaee ee ees / 5| 380 373| 1,320] 1.84|...... 
1,848] 1,777/11,504)...... 3. 84 
1\ .926| — 757/) 3) fire |ieso5 eee 
2| 1,037| 785] 2,157] 24.30|...... 
III. ..| Commercial dust.......-.- 24/14|25| 16/25] 6|15,29) sl19l27/ 5 3| 668) 500) 1,135] 25.15|.....- 
4; 574| 369] 1,438] 35. 71|.....- 
5| 488] 464] 2'877) 4.91|...... 
3, 693| 2, 875/10, 785|.....- 22. 15 


640} 368) 789} 42. 50)-..... 
835} 420) 762} 49. 70!)_..... 
IV ...| Bordeauxmixture (4-4-50)\ 

plus 3 pound Paris green{ 


bo 


1/16}. -| 5)_.|28). .)14}-..| 3/26). _|_- 


Orie Cob 
(Je) 
S 
ive) 
— 
oO 
ms 
(Jt) 
(Se) 
J 
or 
oO 
e 
fe) 


1) 1,397) 600) 1,072) 57. 05)--.--- 

2) 1,043) 502} 952) 51. 86/...... 

V...-| Bordeaux mixture (4-4-50) 8). 757" 41) 942) 455 7iliiee eee 
lus 2 pounds arsenateat} 91/15 5]. .|28)..|14 328 4) 815) 362} 657) 55. 58 

CaQiiiss Gee eis ae 5] 1,047) 437) 723) 58. 26)...-.. 

6| 426} 105} 165) 75.35)...-.. 

7| 1,205} 429) 718) 64. 40)..--.-. 

6, 690) 2,846} 5,229).....-. 57. 45 

1} 169) 166) 1,985) 1.77|..---- 

2} 308} 297) 2,104) 3.57|...... 

3] 235) 219] 1,873) 6.80)-.--.- 

4) 298) 286] 2,063) 4.02/.....- 

Vi-e=.|-Untreated-s-25.-5- 2-5 eesleolae Bo Poe pen Pale er ee | Fa) Lege 5| 400) 389) 2,448) 2. 75).....-. 

6| 368] 364) 2,275) 1. 08]....-- 

7| 585} 544) 3,453) 7. 00)...--- 

8] 516) 481) 2,741] 6. 78)..-.-- 

9} 626) 566] 2,565) 9. 58)....-- 

3,505] 3, 312/21, 507)... --- 5. 51 


As will be noted, results, so far as preventing puncturing of fruit 
by curculio, were decidedly poor. Plat I, receiving 13 applications 
of a homemade dust, was even more severely injured than the 
block of unsprayed trees, a condition doubtless due to its location. 
Best results were obtained on Plat V, which had the usual demonstra. 
tion treatment, giving 57.45 per cent of sound fruit as ger 
5.51 per cent of sound fruit on the unsprayed trees. 

The effect of the treatments on the curculio may be judged, per- 
.haps, by the number of punctures per fruit. Thus, Plat I had an 
average of 6.22 punctures per fruit; III, 2.92; IV, 0.98; V, 0.78; and 
War Gale 
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EXPERIMENTS IN WESTERN NEW YORK AND NORTHWESTERN PENNSYLVANIA. 


Results of demonstration spraying for apple insects and diseases 
in western New York (Westfield) and northwestern Pennsylvania 
(North East) as bearing on the control of the curculio are given in 
Table XCVI. In the Westfield work the average percentage of apples 
uninjured by the curculio from the 5 sprayed Baldwin trees used 
for counts was 91.07, as against 76.21 on the 5 unsprayed count 
trees, the average number of punctures per fruit for the former 
being 0.08 and for the latter 0.237. 

In the case of Duchess trees at North East, Pa., notably better 
results are shown, which may in part be due to the earlier picking 
of the fruit of this variety, as avoiding late feeding punctures by the 
beetles. The 3 count trees of the sprayed block showed 79.04 per 
cent sound fruit, as against 25.44 from the 3 unsprayed count trees, 
a difference, in favor of two applications of poison, of 53.60 per cent 
of the crop. (See Pl. XV). 


TasBLeE XCOVI.—Results of spraying apples for the plum curculio. 


WESTFIELD, N. Y., 1908. 


Total Average 
Plat Tree Total | number Bereent: percent- 
No Treatment. Variety. No number | of apples pees d age of 
F ofapples| punc- aes sound 
‘| tured. PP apples 
Four applications Bordeaux mix- : b ee ee a a Peis miss 
ae Ee oe ees Baldwin 3] 3,380 SO) PNG Leeecence 
arsenate of lead: May 6, May |{ ~~ >>> 4 17204 156 aan | an 
27, June 8, June 27. , Serer esata, Maw aba 
? 2 5 2,829 207 92: 60El ee = oat 
11, 427 . OD Ua ae ce ee ys 91.07 
1 748 191 14.40 |o. 2220228 
2 1,518 309 AOS G0) eis ecer i= 
Teresa WMSPLAV.eda er see cannot ance ose asos GOsse24 52 3 862 181 ASOD) Sere see 
: 4 1,100 212 BOS80i eos cdesste 
5 838 312 (PTI \saneaoonas 
5, 066 1205 nese hoeiee 76. 21 
NORTH EAST, PA., 1906. 
Two applications Bordeaux mix- 1 802 156 SONS AG ete es 
jee ture (4-450) plus 2 pounds ae Old: 2 541 1540 epee suse eteces: 
arsenate of lead: May 24, June 7. te 3 370 49 SONTON ee cae 
1,713 Se) Ppeasacade 79. 04 
1 647 473 20589) oss eee << 
Mes Winsprayed 5.202. . 282.5. -8 ccc led eee dois 255 2 268 223 NGS 7k) eee asaaee 
3 146 95 By So ee ae 
1,061 CONG Geeaoreces 25. 44 
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EXPERIMENTS AT SILOAM SPRINGS, ARK. 


In the one-spray versus demonstration treatments for the codling 
moth and apple diseases at Siloam Springs in 1909 special attention 
was given to determining the effect of these treatments on the cur- 
culio. The results from only Plats I, IV, and V are given as consti- 
tuting the principal features of the work. The orchard was an 
isolated one and contained 344 trees and was divided into five plats. 
There was a miscellaneous assortment of varieties, but principally 
Ben Davis, on which variety all counts were made. The treatments 
which the respective plats received are shown in Table XCVII. 

Plat I shows an increase in uninjured fruit over the unsprayed plat 
(Plat V) of 77.20 per cent, and there is a difference in favor of Plat 
IV of 3.74 per cent of sound fruit. It will be noted that one drench- 
ing spray in this instance gave somewhat better results than five 
applications, though this condition is probably to be accounted for 
by reason of the proximity of Plat IV to the check plat. 


TaBLE XCVII.—Results of spraying apples for the plum curculio, Siloam Springs, 


Ark., 1909. : 
Total Average 
Plat meee Total | number oa E aa percent- 
NG Treatment. Variety. No number | of apples Gi wien ad age of 
eB ofapples.| punc- ae 1 sound 
tured Se HIQIENEE apples 
1 5, 689 1,179 
One spraying only with z 2 ane ree 
arsenical; drenched 4 2) 750 387 
with arsenal of Wace 5 3) 446 208 
1 pound to 50 gallons - , 
I..... water, Apr. 24-25; Bor- Ben Davis. . S ass ase 
deaux mixture only 8 5 4 43 706 
| July 2. ; y 
10 2,652 216 
11 3, 895 339 
43, 203 5, 899 
1 3,536 746 
3 2 1,890 301 
Five applications Bor- $ aie =f 
deaux mixture (3-3-50) 5 3 145 266 
Iv plus 2 pounds arsenate ae 6 1 665 300 
rey of lead: Apr. Zee Padyy || (>See 7 2) 496 498 
May 25-26, July 2, 8 3) 172 467 
July 22, Aug. 10. 9 4791 1,656 
’ ? 
10 1,957 140 
11 3, 058 769 
32, 451 5,554 1053021) Sea =eaeee 82. 88 
1 2,560 2,130 6, 623 162790 es eeeece 
2 1,701 1,595 6, 230 NB ee ce moses 
3 995 948 4,331. 412 eee ee 
4 1,538 1,522 10, 068 104 ee eee 
5 1, 206 999 3,372 i By fo aot Mapas a a ak 
és 6 2,501 2, 299 9,527 CHUA epee scoce 
V2-c-| lUmsprayedieneee essere saeee Olpascaue i 2,821 2,724 14, 727 Sr 4ahl hoe ener 
8 1, 156 1,070 4,714 Tid B cee 
ON 25323 1, 936 6, 143 16:65) |Sotaeeees 
10 2, 258 2,117 8, 707 6: 24 eee 
11 1,719 1,605 6, 921 GS} saeco tls. 5 
12 1, 608 1,517 |. 5,984 Se Go's saewers 
13 2, 060 1,750 6, 739 15.06 42a ere ee 
24, 446 22,212 94,086 |---------- 9.14 
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Fic. 1.—DUCHESS APPLES FROM TREES IN UNSPRAYED PLAT. .(ORIGINAL.) 


Fic. 2.-DUCHESS APPLES FROM TREES IN PLAT SPRAYED AGAINST THE PLUM CURCULIO 
WITH ARSENATE OF LEAD. (ORIGINAL.) 


BENEFITS OF SPRAYING FOR THE PLUM CURCULIO. 
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EXPERIMENTS IN VIRGINIA. 


Experiments in Virginia during 1909 were carried out in two 
localities, namely, at Crozet, in the orchard of Mr. W. S. Ballard, and 
at Mount Jackson, in the orchard of the Strathmore Orchard Co. 

Orchard of Mr. W. S. Ballard —This orchard is located in the eastern 
foothills of the Blue Ridge and is composed mostly of the Yellow 
Newtown variety, which sort was used exclusively in the experiments. 
The surrounding trees not used in the experiment were sprayed by 
the owner. This work formed part of the “one-spray’’ experiment, 
and especial attention was given to determining the effect of the 
treatments in lessening curculio injury. Four applications gave a 
percentage of 86.89 sound fruit as against 54.02 on the untreated 
trees, a difference of 32.87 per cent. One single drenching applica- 
tion protected from the curculio to an extent of 73.93 per cent, an 
improvement over the check of 19.91 per cent. (See Table XCVIII.) 


TasBLE XCVIII.—Results of spraying apples for the plum curculio, Crozet, Va., 1909. 


Total 


Total Aver- 
Total | num- Per- 
Plat oie Tree | num- | ber of | 2U™. | centage| 28° Pet 
No. Treatment. Variety. No. | ber of | apples ber of |orsouna| centage 
apples.| pune- | PU2- | apples, |fsound 
fured. | ‘ures apples. 
1 802 115 UGY/-|| GEOG seed sa- 
2) 1,459 187 PAO! etait Ete Ne ober Sexe 
Four applications Bordeaux mix- 3 719 103 168) ||) GB.GY | sessess 
I ture (2-2-50) plus 2 pounds ar- |(Newtown 4) 2,415 345 D245 Sons | ee eee 
Seis senate of lead: Apr. 27, May 24, Pippin. 5} 2,032 463 (HHS || GG PAl |Leceseces 
June 26, and July 26 and 27. 6 | 1,308 114 UG) Oey ee 
7| 3,014 267 B95) Oi Aan ee eee 
8] 2,328 252 B28) Soules ee nee 
14,077 | 1,846} 2,672 |__------ 86. 89 
1| 2,578 9615 ale olOneG2a72alee sees 
2| 2,533 TAO) SUZ |) AL Seeeeeee 
One spraying only, drenched with Bll GO|) GSE |) Pees |) TARO |e lessens 
at Bordeaux mixture (2-2-50) plus de 4) 1,318 238 leo) |) le eee 
5 2 pounds arsenate of lead, Apr. |(----~ >> ~~ >> 5 | 3,245 CAI) AOS |): HEE | ete sone 
27. 6 | 1,979 405 YU 7633 |e Seseaoe 
7| 2,041 521 TD ALAC es. a 
8] 2,039 511 RUBY CE ORY |e eee ee 


1| 3,493] 1,255 | 2,746 | 63.38 |........ 

2| 33682| 1571} 2.571| 57.33 |........ 

3] S16 | 437 | 705 | 46.45 Jo 

AN tote lo, sat | 962 az 7 |v 2. 0. 

Il...) Untreated. -.......---.--+-+-+----|----- do...... rales, tit et 405) (2 2400s) 4 5et 
6} 2,988} 1,193] 1/939] 60.00|........ 

71 1,980} 1,098] 1,865| 4454|.......- 

g| 2’091| 1.985] 2’300] 3854|........ 
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Orchard of the Strathmore Orchard Co.—In the Strathmore orchard, 
at Mount Jackson, the curculio was notably more abundant, and the 
results were less favorable. The orchard had been in sod for some 
years and conditions were thus favorable for the insect. All trees 
not included in the experiment were sprayed by the owners. 

The results indicate the impracticability of satisfactorily reducing 
curculio injury by spraying alone, when conditions are extremely 
favorable for the insect. Three applications protected the fruit to 
an extent of 40.82 per cent as against 27.23 per cent on the unsprayed 
trees, a gain of 13.59 per cent of the crop. Curiously, the single 
application, given to Plat II, resulted in a higher percentage of sound 
fruit than the three treatments given to Plat I, namely, 57.90, an 
increase over the check plat of 30.67 per cent. 


TABLE XCIX.—Results of spraying apples for the plum curculio, Mount Jackson, Va., 1909. 


Total 
Plat 


No. Treatment. Variety. No. | ber of | apples ber of ofsound| CeBtage 
apples. | punc- Lee apples. ofsound 

mail ure pples. 

1| 1,866} 1,367 | 2,961 | 26.74 |e os aeee 

2] 1,308 180) 2,390: | 42228 eee 

Three applications Bordeaux mix- 3 | 3,466] 1,631 | 3,067 | 52.94 |__..__-- 

I ture (1-1-50) plus 2 pounds ar- Ben Davis 4 708 441 932) | oleudles | eyes 
sia eee senate of lead, May 6-7, 28-29, Mo St) W667) |) L257 Sy Ole 2se bon see 
July 8-9. 6 | 3,786 | 2,197} 4,040) 41.97 }.....--- 

7 | 1,063 612 | 1,486 | 42.42 |.......-. 

8 |. 2,429 | 1,382 | 2,869 | 43.10 |_....--- 


1 3,827 1,507 2, 782 605620 |aeeeeee 

One spraying only, with arsenical. 2| 3,657 | 1,788} 1,800 | 51.10 j-..-..-- 
Drenched with arsenate of lead, 3 675 303 6333 |b alll aera 

I 2 pounds to 50 gallons of water, 6 4 989 AQ94 ||| 1,032) |250505) | Seeeeess 
eat May 6-7. Bordeaux mixture |{-~~~~ ~~~" ~~ 5] 1,679 754} 1,449 | 55.09 |...-.--- 
only (2-2-50), applied May 28-29 6| 3,480] 1,212 | 2,159) 65.17 |......_- 

and July 8-9. 7 969 447 987 BBE eos pane wees 

8 | 4,299 735) |) cosiloon eon see 

195575: 8,240) | 135995) |e 22 oseee 57. 90 

1 3,926 3,186 7,336 185840 ee 

2 3,109 2,226 4,497 2840) | eoscees 

3 1,840 1,079 Dy OAIP) AlSGi\see eee 

4 1,508 1, 226 2,888 USk690|peeeeaee 

TIT...| Unsprayed.........---+--+++-++++-[----- do.....- 5 | 3,180 | 2,399 | 5,030 |) 2457 eee 
6 4,153 2,823 6, 122 32.04 |...----- 

7 5,121 3,611 8,779 QOV ASS eee 

§| 2,795] 2,107 | 4,904] 24.61 |........ 


25,641 | 18,657 | 41,768 }..-.---- 27. 23 


EXPERIMENTS AT ST. JOSEPH, MO. 


The work at St. Joseph also formed part of a demonstration sched- 
ule of spraying in comparison with the one-spray method. The 
orchard used had been in sod for some years, and no spraying had 
been done. Conditions were especially favorable for the insects, 
and, as shown by the tabulated results below, the injury under these 
conditions was very severe. The crop, moreover, was light by reason 
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of late spring frosts, which served to concentrate the injury. Unques- 
tionably a part of the loss shown was due to the apple curculio, which 
was abundant in that locality. At the time of the first application, 
May 16, the petals had just fallen from the trees. The St. Joseph 
results present some points similar to those obtained the same year at 
Mount Jackson, Va.,—namely, that when the curculio is excessively 
abundant, satisfactory results may not be obtained by spraying. 
Plat I, which received 4 applications, shows only 50.10 per cent of 
sound fruit as against 4.05 from the unsprayed trees, representing a 
gain of 46.05 per cent. The single drenching application, given to 
Plat II, resulted in 36.80 per cent of fruit free from curculio, a gain 
over the unsprayed block of 32.75 per cent of the crop. 


TaBLeE 0.—Results of spraying apples for the plum curculio, St. Joseph, Mo., 1909. 


Total no ee Per- ee 
Plat : Tree | num- | ber o centage] “> a 
No. LESELIAGE Variety. | No. | ber of | apples eae ofsound ene 
apples. pune: tures. | 2Pples. apples 
Four applications Bordeaux mix- 
ture (4-4-50) plus 2 pounds ar- : 1} 1,747 966 | 2,443 | 44.70 |....--.. 
Tetons Ben Davis. - 2} 1,624 @a0) |) Sa |) BO.65 eee occee 
senate of lead: May 16, June 9, 3 | 1)579 344] 2012 | 46.54 
July 9, and Aug. 6. ; ? pebes Wiiia-s saelcrr ia 
4,950 | 2,470] 5,810 }......-. 50. 10 
One application. Drenched with 
II arsenate of lead, 2 pounds to 50 |>...-do....--. { : ne er ape a oe SISBaREP 
gallons water, May 16. a y ne , saat gcse 
5,788 | 3,658 | 9,290 |....---- 36. 80 
1 |) 604) 625 1 7,705) |) 407 |. 
ities | Wmsprayeda.--a2-2-cc-----o22sce5s|aons = Gene Se 2!| 1,487] 1,398} 8,577 PA ise eoese 
3] 1,358] 1,284] 5,275 Sygate ce 
4,489 | 4,307 | 21,567 |..-..--- 4.05 


The records above given in spraying apple orchards for the cur- 
culio are assembled in Table CI, which indicates, in average per- 
centages, the amount of uninjured fruit from each plat from the 
several localities, arranged according to the number of applications 
given. These experiments have extended over a period of several 
years and were made in various places, so that the results are not 
entirely comparable. Even when considering the results of indi- 
vidual experiments, a wide variation is seen in results from orchards 
which received practically the same treatment—for example, in the 
two orchards in Virginia sprayed during 1909. 
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Taste CIl.—Summary of results in spraying apples for the plum curculio, in average 
percentages of sound fruit, various localities. 


Treatments. 


Tilinois. 


Ander- 
son, Mo. 


Localities. 


Siloam 
Springs, 
Ark. 


Mount 
Jackson, 
Va. 


1 application 
2 applications.......- 
3 applications.......- 
4 applications 
5 applications 
7 applications (Paris 
green) 
7 applications (arse- 
nate of lead) 
7 applications (arse- 
nite of lime) ...._.. 
8 applications....._.. 
10 applications. ...__- 
13 applications(home- 
made dust).......- 
13 applications (com- 
mercial dust). s-oalp sone. ee 22.15 
16 applications. ._.__. 
Unsprayed (check)... 


CONCLUSIONS. 


The records above given of results of spraying apples for the con- 
trol of the curculio indicate clearly that the injuries of the pest may 
be in all cases greatly reduced, although the degree of benefit varies 
widely. It is apparent that account must be taken of other factors, 
as the relative abundance of the insects as compared with the amount 
of fruit present on the trees. With a small fruit crop and abundance 
of curculios, the most thorough spraying will not serve to bring 
through a satisfactory amount of sound fruit, as will be noted in the 
results of experiments at St. Joseph, Mo. With a large crop of fruit 
and an abundance of insects, results will likewise be disappointing. 
If the curculios for any cause are scarce and there is a large fruit 
crop, injury is of course much lessimportant. In other words, the 
degree of success in spraying varies with the abundance of the insects, 
and where the latter are numerous thorough treatments seem to fail 
to yield a desired freedom from injury. While spraying is undoubt- 
edly a most important adjunct, and if persisted in from year to year 
may answer for its control, as its effects are cumulative, yet it is 
clear that other control measures should also be employed. In all 
cases which have come under our observations the insects have 
always been found most abundant in orchards which are in sod or 
are poorly cared for and allowed to grow up more or less in weeds 
arid trash. Also orchards adjacent to woods always suffer severely, 
especially along the border. (PI. XVI.) As opposed to this condition 
is the notably less injury in orchards kept free from weeds and trash. 
In such cases sprayings usually given for other orchard insects, as 
the codling moth, serve to keep this pest well under control. In 
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Fig. 1.—NATIVE PLUM THICKET IN THE SOUTH, ADJACENT TO PEACH ORCHARD. 
(ORIGINAL. ) 


Fic. 2.—W0ODS AND THICKET ADJACENT TO PLUM ORCHARD, FURNISHING THE BEETLES 
WITH EXCELLENT HIBERNATION QUARTERS. (ORIGINAL.) 


CONDITIONS FAVORING THE PLUM CURCULIO. 
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fact it may be said as a general statement that the curculio will 
never become seriously troublesome in apple orchards given the 
usual routine attention in cultivation, spraying, pruning, etc., now 
considered essential in successful fruit growing. Serious docs from 
the curculio are almost conclusive evidence of neglect, which is best 
and most quickly corrected by the adoption of proper orchard prac- 
tice. The following schedule of spraying is recommended for apple 
orchards and should control the plum curculio as well as the numer- 
ous other insects mentioned. Where the curculio is excessively 
troublesome a treatment about midway between the third and fourth 
would probably be advantageous. 


SCHEME FOR SPRAYING APPLE ORCHARDS.! 


First treatment.—Spray with arsenate of lead in Bordeaux mix- 
ture or dilute lime-sulphur solution for apple scab when cluster buds 
are out, but before the blossoms open. This treatment is valuable 
against the hud moth, cankerworms, plum and apple curculios, tent 
caterpillar, etc. 

Second treatment.—As soon as the petals have fallen, spray very 
thoroughly with arsenate of lead in Bordeaux mixture or dilute lime- 
sulphur solution so as to place a dose of poison in the calyx cup of 
each young apple. Larve of the codling moth, the principal cause 
of wormy apples, hatching some three or fone weeks later, mostly 
enter the fruit at the blossom end, and are thus killed. This ; is the 
most important of all treatments on the codling moth and is valua- 
ble in destroying the lesser apple worm (Hnarmonia prunivora), plum 
and apple curculios, cankerworms, tent caterpillars, etc. 

Third treatment.—Three or four weeks after blossoms have fallen 
use arsenate of lead in Bordeaux mixture or dilute lime-sulphur 
solution, thoroughly coating the foliage and young fruit. This is 
valuable against the codling moth and affords further protection 
against the insects above mentioned. 

Fourth treatment.—An additional application of the arsenical in a 
fungicide may be necessary, nine or ten weeks after the blossoms 
fall, for the second breod of the codling moth, and, in the Middle and 
Southern States especially, a fifth treatment is advisable two or three 
weeks later. In orchards not infested with the bud moth and canker- 
worms the first treatment may be omitted. The second, third, and 
fourth applications will suffice to give protection from most insect 
pests of the fruit and foliage, supplemented by the fifth for the ter- 
ritory indicated. 


1 Excellent results in control of the curculio and the codling moth have been obtained from a single 
application of an arsenical after the falling of-the petals. The one-spray treatment is most likely to be 
of value for varieties not subject to scab and bitter rot. The reader should obtain copies of reports on 
' One-spray method, being Part VII of Bulletin 80 and Part II of Bulletin 115 of this bureau. 
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SPRAYING PEACHES WITH ARSENICALS. 


Until within recent years comparatively little experimentation 
has been done with arsenicals for the control of the curculio on the 
peach. During the past five or six years, however, the subject has 
received attention at the hands of different investigators, and suffi- 
cient data have been accumulated to indicate about how much pro- 
tection may be expected. 

Paris green and London purple were undoubtedly early used on 
the peach, beginning with the first employment of these arsenicals 
against this insect. It was soon noted, however, that the foliage of 
peach was more sensitive than that of other deciduous fruits, and 
for this reason spraying of peaches seems not to have been practiced 
to any great extent. This foliage injury from arsenicals had been _ 
frequently commented upon and was pointed out by Dr. Forbes in 
1888 and 1889, and also by Prof. Weed, who gave experience of a 
Marion County, Ohio, fruit grower, as follows: 

We accidentally stumbled over the fact that from 60 to 70 gallons of water to one- 
half pound of poison in solution was strong enough to fully check the curculio and 
all or more than the peach tree would stand. We destroyed a plum tree and several 
peach trees with our experiments, and know that 100 gallons to 1 pound of poison in 
solution is too strong for the foliage of some varieties of apples and that it will killa 
peach or plum tree. My own opinicn is that one-half pound of poison to 60 gallons 
is safe, and if applied at the time of the usual bloom of apple and the second time 
10 days later will destroy the leaf-eating insects and the codling moths, but for plum 
and peach one-fourth pound to 40 gallons of water is strong enough and will, if applied 
twice, effectually check the ravages of the curculio without destroying the foliage. 

Despite frequent serious defoliation of trees some peach growers 
undoubtedly continued the use of Paris green and London purple, 
especially in the Northern States. In the South comparatively 
little spraying was done, so far as available records indicate. The 
control of the curculio on peach was therefore largely limited to the 
practice of jarring, and this work was not very generally followed, 
the insect being allowed to continue its depredations unchecked. 
With the increase of commercial peach culture in certain of the - 
Southern States, notably in Georgia, and in view of the favorable 
conditions for the multiplication of the pest, its injuries became 
especially serious, not only on account of the fruit destroyed by it, 
but by reason of the prevalence in that section of a serious fungous 
disease of the fruit at about ripening time, namely, the so-called 
brown-rot, which the work of this insect, by its punctures, greatly 
favored. 

Considerable attention has been given during recent years to 
determining, if possible, ways in which Paris green and also copper 
fungicides may be safely used on the peach, notably by Messrs. 
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Gillette, Galloway, Woods, Fairchild, Sturgis, Baine, and Hedrick. 
It was found that the addition of lime to the Paris green or London 
purple spray greatly reduced its causticity, and the use of Paris 
green in this way was recommended for peach by Haywood, who says: 

In spraying peach trees, none of the Paris greens bought upon the market should 
be used without the addition of lime. 


For peach trees sprayed with the use of lime, the amount of soluble arsenic oxid 
allowable lies between 3 and 6 per cent, a fair average being 43 per cent." 


Nevertheless, even with the use of lime two or three applications 
of a Paris-green spray very generally resulted in defoliation of the 
trees, and in recommendations for the use of arsenicals on peaches 
this risk was very generally pointed out and understood by the 
majority of peach growers. 

The development of arsenate of lead, a stable compound con- 
taining practically no free arsenic, it was thought would furnish an 
arsenical which might be used without injury on peaches. Experi- 
ments to determine its usefulness were at once begun by entomolo- 
gists, and while it was noticeably less injurious than Paris green or 
London purple, yet in the South especially several applications, as 
deemed necessary for the control of the insect, caused a considerable 
amount of foliage to fall and often resulted in burning of the fruit. 
Arsenate of lead, however, was generally recommended for peach 
spraying by the manufacturers and also with caution by many 
entomologists and horticulturists. Not a few orchardists who tried 
the poison experienced disastrous results, whereas comparatively 
little injury was noted by others, who preferred to take the risk of 
foliage and fruit injury in preference to suffering the ravages of the 
curculio. 

In a word, opinion was divided as to the advisability of spraying 
peaches with arsenate of lead, with perhaps on the whole a distinct 
prejudice against it. 

In the course of the present curculio studies particular attention 
has been directed to the question of arsenical injury to peaches. 
During 1906 green arsenoid, Paris green, and arsenate of lead (both 
commercial and homemade) were tried on peaches according to a 
uniform plan of treatment in the Southern, Middle, and Northern 
States, in order to secure if possible comparative data from these 
regions. In all localities the green arsenoid and Paris green (3 
applications each of 4 ounces to 50 gallons of lime water) proved 
injurious, defoliating trees almost completely. In northwestern 
Pennsylvania neither the commercial nor the homemade lead arsenate 
(3 applications at the rate each of 2 pounds to 50 gallons of lme 
water) caused noticeable injury. In Virginia the homemade lead | 


1 Bul. 82, Bur. Chem., U.S. Dept. Agr., p. 32, 1904. 
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arsenate largely defoliated the trees and burned the fruit. There 
was, however, little foliage injury from the commercial arsenate of 
lead, though the fruit was injured and nearly all fell from the trees 
before ripening. In Georgia both forms of arsenate of lead defoliated 
the trees almost completely and injured the fruit to a serious extent, 
the homemade lead arsenate being the more injurious. 

Also, during 1906, in Virginia, several other commercial brands of 
arsenate of lead were tried and no difference between them could be 
distinguished as to their effect on foliage and fruit. Arsenic sulphid 
in paste form, at the rate of 2 pounds to 50 gallons of lime water, was 
applied once and quickly defoliated the trees, killing the twigs and 
smaller branches, resulting finally in the death of several of the trees 
sprayed. During 1907 eight additional brands of arsenate of lead 
were tried in Virginia with from 1 to 4 applications in strength, 
varying from 1 to 3 pounds per 50 gallons of water. These were 
used with and without lime. Two applications at the rate of 2 
pounds to 50 gallons of water, plus 2 or 3 pounds of stone lime, were 
found reasonably safe; and this treatment was adopted for recom- 
mendation to growers, although the risk of possible injury was 
pointed out. 

In cooperation with the Bureau of Chemistry an inquiry was 
started in 1907 to determine if possible the reasons for injury to 
peach foliage from arsenate-of-lead sprays. The results of the work 
during 1907 and 1908 have been stated by Messrs. J. K. Haywood 
and C. C. McDonnell,’ and conclusions were presented from the ex- 
periments in 1909. These studies have been extensive and are 
interesting as bearing on the causes of the decomposition of lead 
arsenate when sprayed on peach trees, resulting in injury to foliage 
and fruit. The idea of decomposition of the poison by the action ~ 
of the carbon dioxid of the air was disproved by numerous tests, 
but it was found, in an examination of water used in spraying, that 
this contained a sufficient quantity of sodium chlorid (common salt) 
to decompose an appreciable quantity of the lead arsenate; and it 
was concluded that if certain salts commonly present in water were 
present in more than very small quantities they would exert a solvent 
action on the arsenate of lead. Concerning this matter Messrs. 
Haywood and McDonnell state-: 

(1) When applied with spring water (analysis of which has been given), some injury 
to foliage resulted, but it was not nearly so marked as in the preceding year, and a © 
longer time elapsed before the injury was noticeable. 

_ (2) When applied with distilled water very slight injury occurred, noticeably less 
than when the spring water was used. 


(3) When applied with distilled water to which 10 grains per gallon of sodium 
chlorid had been added, rather serious injury resulted. When distilled water con- 


1 Bul. 131, Bur. Chem., U. S. Dept. Agr., p. 49, 1910, 
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taining 40 grains of sodium chlorid per gallon was used, the injury was very much 
increased, practically 50 per cent of the foliage being affected. 

(4) When applied with distilled water containing 10 grains of sodium carbonate per 
gallon, injury was noticeable 14 days after the first application, and 7 days after the 
third application the trees were almost completely defoliated. 

(5) Applied with distilled water containing 10 and 40 grains of sodium sulphate per 
gallon, some injury resulted, but this was not so marked as that produced in the 
presence of sodium chlorid. 

In similar experiments where lime was added at the rate of 4 pounds to 50 gallons, 
injury to the foliage was almost entirely prevented. 

In view of the above observations as to the possible importance of 
the water used in spraying, the Bureau of Entomology carried out 
spraying experiments in orchards in Georgia during 1910, employing 
9 well-known brands of arsenate of lead, using these in ordinary well 
water and also in rain water, which it was thought would be entirely 
free fom sodium chlorid and other salts. Three applications of the 
sprays were made, the milk of lime made from 2 pounds of good 
stone lime being added to the spray in each case. With all of the 
brands of arsenate of lead, the first two applications did no appre- 
ciable injury. The third application, given a month before ripening 
of the fruit, however, resulted in serious injury, which began to show 
after a rainy spell about a week after the applications. There 
appeared on the fruit brown sunken spots, which rapidly increased in 
size, causing the fruit to crack and drop to the ground until by picking 
time only 25 per cent still remained on the trees. This was barely fit 
for market purposes, having a dark red, almost black, appearance on 
the side exposed to the sun. These trees were 50 to 90 per cent 
defoliated. No difference in injury was to be detected from the use 
of rain water against ordinary well water. 

These same brands of lead arsenate were used on trees alongside 
in the self-boiled lime-sulphur wash of the formula: Sulphur, 8 
pounds; stone lime, 8 pounds; water to make 50 gallons. In these 
tests none of the fruit was burned enough to cause it to drop, all of it 
being merchantable. Some specimens, however, were so highly 
colored that they were placed in the second grade. About 20 per 
cent of the foliage on these lime-sulphur plats showed some injury, 
but none of it dropped. As regards the comparative injury from the 
different brands of arsenate of lead, very little difference could be 
detected, save in the case of one brand, which showed up about the 
same amount of injury as in the case of the other brands when applied 
in lime-sulphur wash. It was tested, however, on trees in another 
part of the orchard, as it was received too late to be included in the 
block where the balance of the lead arsenates were tried. 

In addition to tests of lead arsenates, certain other arsenicals were © 
tried to determine their effect on the foliage and fruit. The toxicity 
of these arsenicals was at the same time being determined in the 
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laboratory by feeding tests with the beetles. (See p. 186.) In each 
case the miik of lime from 2 pounds of stone lime was used to each 
50 gallons of spray. 

oa sulphid (As,S,), ? pound to 50 gallons of aie was 
applied once April 29. By June 5 the plat treated with the poison 
in rain water showed injury to almost all of the leaves, with con- 
siderable foliage fallen, and this same condition prevailed on the plat 
treated with the poison in well water. On the lime-sulphur plat less 
than one-half as many leaves were injured and very few leaves had 
fallen. 

Arsenic tersulphid (As,S,), 6 ounces to 50 gallons of water, applied 
April 13 and 24, showed by May 10 about 75 per cent of defoliation of 
all the trees on the 3 plats. 

Red sulphid of arsenic (As,S,), 6 ounces to 50 gallons of water, 
applied April 13 and 29, showed on all plats by June 5 a condition 
similar to the arsenic tersulphid plat, though new foliage was coming 
out. 

Sulpho-arsenate of soda, 6 ounces to 50 gallons of spray, showed 
by June 5 about 60 per cent of the foliage fallen, with those remaining 
badly burned and shot-holed. This condition was true on the 3 plats 
where the poison was used in well water, rain water, and the self- 
boiled lime-sulphur wash. 

Arsenate of iron in paste form, 2 pounds to 50 gallons of water, 
applied April 29 and June 16, resulted in no foliage and fruit injury 
whatever throughout the season. 

Arsenate of iron in powdered form, 1 pound to 50 gallons of water, 
applied to the trees April 13 and 29 and June 16, also resulted in no 
injury on any of the plats throughout the season. 

Tests of the killing effect of arsenate of iron on the beetles in the 
laboratory indicated, however, that it is a very slow-killing agent; 
but it is probable that the beetles after first eating of the poison are 
rendered incapable of further important injury. Additional tests 
are planned with this poison on a commercial scale in orchards. 

During 1908 and 1909 feeding tests with beetles and also with 
various caterpillars were made, using various compounds regarded 
as more or less toxic, with a view to their possible substitution for 
arsenicals for use on the peach. Among those tried were the 
following: 

Black sulphid of antimony (Sb,§,). 
Barium sulphid (BaS). 

Barium carbonate (BaCO,). 
Copper sulpho-cyanid (Cu,SCN,). 
Carbonate of lead (PbCOQ,). 

Lead oxid (PbO). 

Zinc oxid (ZnO). 

Zine cyanid (ZnCN). 
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None of these, however, gave sufficient promise to warrant field 
tests. 

From the foregoing it will be noted that severe injury has resulted 
from the use on peach of green arsenoid, Paris green, zinc sulphid, 
red sulphid of arsenic, tersulphid of arsenic, and sulpho-arsenate of 
soda. Injury from arsenate of lead has been variable, according to _ 
season, and especially depending upon the number of applications 
made. Two early treatments of the poison at the rate of not over 
2 pounds to 50 gallons of water, with an equal or greater quantity of 
lime added, have on the whole caused comparatively little injury, 
although in some years injury has been fairly well marked. Three 
applications of lead arsenate in limewater, however, have rather 
uniformly been injurious. No important difference in the burning 
effect of the different brands of arsenate of lead has been detected; 
and actording to the tests made in 1910 in the comparison of rain 
water and well water no difference between them was discernible. 

The time between the »»plications of the poison and the appear- 
ance of injury to the foliage varies, depending upon the arsenical 
in question. Thus Paris green, green arsenoid, and sulphid of 
_arsenic promptly show a shot-holing and yellowing of the leaves, 
which later drop more or less completely. (See Pl. XVII, figs. 1-6.) 
The injury resulting from lead arsenate is about the same, only it is 
slower to appear. In the case of two applications dropping of the 
leaves may be so gradual as not to attract attention and may be 
largely compensated for by the production of new foliage. <A third 
application, however, is generally followed by a decided and prompt 
dropping of the foliage, usually within 10 days or 2 weeks, leaving 
the branches more or less bare and the fruit exposed to the sun. 
Arsenate of lead also produces a notable reddening of the fruit, 
though this reddening is due in part to an increased amount of sun- 
shine following the thinning of the leaves. This increased coloring 
is the subject of common remark by growers, and if but one or two 
applications of the poison have been made is not so pronounced as to 
detract from the appearance of the fruit. A third application, how- 
ever, very generally results in an intense dark-red coloring and the 
associated changes brought about very often result in brown depressed 
areas of variable extent and a cracking on the sunny side of the 
peach. Fruit so injured is worthless and mostly drops before ripen- 
ing time. (See Pl. XVIII, fig. 1.) 

For the proper control of the curculio on peach three or four applica- 
tions of the poison would be desirable. However, in view of the injury 
resulting from more than two treatments, recommendations have been 
limited to two timely applications of the poison, and always with the 
addition of imewater. This treatment gave a considerable degree of 
protection and, has recently come into a rather extended use by 
peach growers. 
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SOME RESULTS OF SPRAYING PEACHES FOR THE CURCULIO. 


In the following tables some results of spraying peaches for the 
curculio are presented. The benefits are seen to vary from season 
to season, as in the case of the apple, depending upon the abundance 
of the insects. On account of the difficulty of taking note of punc- 
tures in the fuzzy peaches, the results are based on records of actual 
infestation of fruit by larve or indications of the presence of the 
latter. The results obtained by this method of computation on the 
different plats should be entirely comparable. Examinations were 
made of all drop fruit during the season, as well as of the ripe fruit 
at picking time. One of the most important results in spraying for 
the curculio is the reduction of brown rot. The punctures of the 
curculio in the fruit form an easy point of infection, and very notable 
benefits in the reduction of brown rot may be observed in orchards 
sprayed only for the curculio. 

In Table CII are given results of spraying of peaches in 1906 on 
the Arlington Farm, Va. The orchard used contained about 500 trees 
and was an isolated one, but adjacent to a thick growth of young 
trees and bushes. Not all of the trees were treated, each plat con- 
taining some 50 trees. The applications were made on the dates 
indicated in the table. It was also thought desirable to determine 
the possible benefit of spraying the trees heavily with simply lime- 
water, inasmuch as this method of curculio control has been some- 
what exploited. 


TasLe CIIl.—Results of spraying peaches for the plum curculio, Arlington Farm, Va., 


1906. 
Fruit from | Fruit from Total 
ground. tree. otal pera eee 
Total) num- asinine age 
Plat Trees =a rs ees num-| ber of ae percente 
No. _ Treatment. No. Tn= In- | berof| fruit} fg | age of 
To- | fast. To- | fect. | fruit. |nfest- fruit, | Sound 
tal. | oq. | tl | ea. ed. 2 | tabaite 
Teese Three applications, 2 pounds arse- 3 1 773 7 aa 14 |11, 217 21 | 98.27 |.....--- 
ate of all ae AOG7)|ieetonl mee 71, 741 |) (42a 0 7858) eee 
nate of lead to 50 gallons water, 3 | 646 3 920 81 866 31 | 96.42 
plus 3 pounds stone lime: Apr. Helo 3 350 7 (1.09 Bren oe ea ee 
97: May 8 and 20. 743, 4 zl 1, 093 i 98 OO ee ere 
2 5 | 423 74) 179 9} 602 83) 1 78G2 2 cere 
3,652 | 143 {1,867 45) 5) 5190) Sal885| eee 96. 59 
1| 393 37 Son aaeee 476 Bil | 19252282 eee 
II....| Three applications, whitewash lime 2} 309 56 | 204 12 | 563 68) 187 290h | Seeeeeee 
15 pounds to 50 gallons water: 3| 419} 118] 1386 18:| 555) ||, 1360 ea (oaAO) eee 
Apr. 27; May 8 and 20. 4) 554 79; 345 30!} > 899) LOO SiS eae 
5 | 548 78 | 250 9} 798 87, | S9HO9)i aes 
2,223 | 368 1,068 69)5/3,20 1s | ASN eee 86. 7 
WY SVE PAS esos salads se 374, | LOS | 7st | ees ‘ 
2) 243 64| 336 22 | 579 86 | 85.14 }..-.---- 
TIE 524) Umitreate dc 2224 teee eee seseeeeee se 3] 201 Aiea ltc Sapna aaa 201 ZV ANE GE A, | cecies =. 
4) 440) 140) 118 TD) 5587) ols e229 Sm eee 
5 | 830] 234 70 2:1, 9004). 236i) eisenian ee een 


2,088 | 593 | 524| 35 |2,612| 628 |.......- 75.96 


The curculio was not especially abundant in this.orchard during 
1906; as shown by the condition of the check, about 25 per cent of 


PLATE XVII. 


Bul. 103, Bureau of Entomology, U. S. Dept. of Agriculture. 


eo1E—'¢ 
ee1L—'§ 


(‘jeulsiiQ) ‘prydins oruesiv yAIM 90u0 poAvids s01,—'9 ‘SI 


“Sl 
Sl 


*PIOUSSIB W90IS YIM 9OUO paABids 


‘WdeIS SIV UIA oouo podvids sol — "fF “SI “pBET JO oJVUSSIB OpeMOMOY YALA dU podABAds 


*PRO| JO OYVUOSIB [VIOIOUIULOD Y}IM 9OUO podAvids 991,.— 


G 


SIq ‘001} yooyo 10 podvadsuQ—'T “sha 


VA ‘NYV4 NOLONITYY ‘30vIIO4 HOVad NO SAVYdS IVOINASHYY JO LOa443 


“ 
wat i 
‘ 
' 
i 
a 
\ 
, i 
co 
s ’ 
i 
ly , 
. 
ras fi 
i “ ~ 
+ « 


Bul. 103, Bureau of Entomology. U. S. Dept. of Agriculture. PLATE XVIII. 


Fic. 1.—ELBERTA PEACH SPRAYED THREE TIMES WITH 
ARSENATE OF LEAD, SHOWING BURNING AND CRACKING 
EFFECTS OF THE POISON. (ORIGINAL.) 


Fie. 2.—JAPANESE PLUMS, SHOWING BURNING FROM ONE APPLICATION OF ARSENATE 
OF LEAD. (ORIGINAL.) 
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the fruit was infested. Nevertheless, the results show a certain 
benefit, there being a gain in uninjured fruit on the plat treated with 
arsenate of lead of 20.63 per cent, and on Plat II, treated with lime, 
of 10.76 per cent. 

Results obtained also in 1906 at Myrtle, Ga., are shown in Table 
CIII. The trees treated were located in an 8-acre block of the 
Georgia Belle variety, composing a 200-acre orchard. The treated 
area, however, was on one side of the orchard and fairly well separated 
from the main body of the trees. Conditions for the curculio were 
here ideal on account of adjacent woods, and the presence here and 
there through the orchard of terraces which had become overgrown 
with bushes, weeds, etc. Each plat comprised 50 trees. The dates 
and character of applications are shown in the table, as well as the 
number of trees on which records were taken. 

The uverage percentage of sound fruit on the untreated trees was 
67.59 per cent. As compared with this injury there is a gain in 
sound fruit on Plat I, spraysd with arsenate of lead, of 21.04 per cent, 
and on Plat II, sprayed with lime, of 2.20 per cent. 

Results of spraying peaches at Mayfield, Ga., for the curculio in 
1908 are shown in Table CIV. © This work was carried out by the office 
of the Georgia State entomologist according to a plan furnished by 
this bureau. Hach plat contained 60 trees of the Elberta variety, 
and while a sufficient number of trees was not used for making counts 
of the fruit, the results are nevertheless significant. 


Tasie CIII.—Results of spraying Georgia Belle peaches for the plum curculio, Myrtle, 


Ga., 1906. 
Fruit from | Fruit from al Aver- 
ground. tree. Total aoe ach ee 
Flat Treatment. aiies num- | ber of) s96 of | cent- 
No. No. : : pewet fruits | ound age of 
n- ; n- |fruits.| in- 
Total. fested. Mota: fested. fested. fruit. pound 
1 18 4 PAL Wr D7 139 sul th ole) 
2 28 6 171 4 199 10 | 94. 97 
3 47 7 144 4 191 11 | 94.24 
4 39 13 135 9 174 22 | 87.35 
es a Three applications homemade ar- 5 33 10 | 180 5 213 15 || 92: 95 
senate of lead 2 pounds to 50 6 10 4 81 5 91 ONION LON Reeeeee 
gallons of water plus 3 pounds 7 38 22 | 213 8 201 30) |RS8404) |e eess 
stone lime: Apr. 10, 21, and 30. 8 14 3 80 5 94 8 GIES) (eens. = 
9 42 16} 266 16 308 BY) || CBE lo Soosee 
10 23 11 92 15 115 26 || 77.38) }------- 
11 14 4 48 i 62 SRS 2 20h | Pease 
12 21 14 134 8 161 AP) || tAOSBR |le So oaoe 
333 114 |1, 665 113 | 1,998 DPN (al | Sere 88. 63 
1 2 1 24 2 26 8) |} tele 440) lsc coer 
2 10 4 32 12 42 S|) GEC) | odeeooe 
3 66 10 77 9 143 TOMESG2 Tay ace eters 
4 10 6 29 3 39 G) los OF leceasec 
II. ...| Three applications of whitewash, 5 33 20 69 16 102 38 |] GH, 70 Wooo sce 
15 pounds lime to 50 gallons 6 17 4 59 13 76 WE | ilo} | ocessoe 
water (no arsenical): Apr. 3, 13, 7 28 16 63 23 91 SO elas | eee 
and 21 8 27 15 144 35 171 50 | 70. 76 
9 22 12 46 9 68 21 | 69.11 
10 a 1 16 6 23 7 | 69.56 
hi 27 13 31 18 58 31 | 46.55 
12 50 37 | 220 50 270 STAG (ey7Aal eee 
299 139 | 810 196 | 1,109 BEY) llebesee 69.79 
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TasLeE CIII.—Results of spraying Georgia Belle peaches for the plum Grate Myrtle, 
Ga., 1906—Continued. 


Plat 


MOE 5 


Treatment. 


Untreated A255 ests eS clee 


Fruit from | Fruit from - 
grounds. tree. Total | per. res 
Total | nuimn- ql 

ent- | per- 

num- | ber of ae Ge || Ges 

T pene {| fruits Conn Son of 

n- ruits in- F 

Total.! ostea.|T°t@l-| rested fested.| fruit. sou 
34 14 42 18 76 32)| 57289! Seeeeees 
29 22 25 17 54 39.1 20.07) | eee 
70 33 | 185 28 255 GE, |: 761085 | eee ee 
69 33 224 52 293 85) 710,988 Seas 
81 48 | 187 48 268 96 | 64.17 ]...-... 
28 16 98 26 126 42 | 66. 66 |....-.. 
18 14 46 17 64 Bl ole oon eae 
14 iil 75 20 89 31. "65. 16) |Eaeeeee 
22 12 58 14 80 26) O77 00 esse aee 
16 6 80 6 96 12 | 87.50 }.-..... 
21 18 29 i 50 Paya 10 (00) || = 5 
17 9 75 11 92 PAVMUSPAD [Ibe coe, 
419 236 |1, 124 264 | 1,543 SOON Eeeaeee 67.59 


TaBLEe C1V.—Results of spraying Elberta peaches for the plum curculio, Mayfield, Ga., 


II....| Three applications, 


TIT... 


Treatment. 


Four applications, 2 pounds 
arsenate of lead plus 3 pounds 
stone lime per 50 gallons of wa- 
ter: Apr. 2, 11, 17, and 25. 


2 pounds 
arsenate of lead plus 3 pounds 
stone lime per 50 gallons of wa- 
ter: Apr. 2, 11, and 17. 


Two applications, 2 pounds ar- 
senate of lead plus 3 pounds 
stone lime per 5C gallons water: 
Apr. 2 and 11. 


“| Wintreatedve.sancsnscciceeeeeeercer 


Bm Wh Re Be Ob eR 


Ory OO be 


_1908. 
Fruit from | Fruit from Aver- 
ground. tree. Total] per | age 

Total | num- | sont. | por- 

num. | ber of! aoe of pois 
d ber of | fruits oe a ape of 
Total.| 28, \Total.| -22-, | fuits.|_in-_ | ‘ruit, |sound 

*| fested. *| fested fested. e arr 
156 14] 336 137 492 15131 S698 3s eer 
100 11 110 32 210 43 79s 3 | Eee 
194 19 | 437 127 631 146 | 76.86 }..-.... 
450 44 883 296 | 1,333 340 |-..--.- 74. 41 
98 12 322 137 420 149 | 64.52 |.-.---. 
188 9} 213 107 301 116 | 61.46 |.------ 
228 18 | 361 140 589 158. |pvas 1S) | Secor 
296 34} 331 154 627 TSS) 570502) | Seeesee 
810 73 |1, 227 538 | 2,037 (HUB esosse 70.00 
136 46 184 97 320 143 Me bo Sole pees 
135 16 299 38 434 D4) 287,001 eeeereiee 
163 26 | 336 132 499: 158 | 68.34 |.....-- 
61 3 145 45 206 48 |) 76570n\ sheen 
495 91 964 312 | 1,459 403 see 72.30 
119 87 75 64 194 Tsk) BRT Ne oon 
86 59 10 9 96 G8 29S Lal eases 
133 39; 278 197 411 236) |42258)|aeneeae 
85 61 125 122 210 183 | 12.86 |....... 
134 82 143 126 277 208 | 24.91 |....... 
557 328 | 631 518 | 1,188 846 |-. ..-- 28.78 


It will be noticed that on the unsprayed block only 28.78 per cent 
of the fruit was uninfested. Plat I, which received 4 applications of 


arsenate of lead, shows a gain in sound fruit of 45.63 per cent. 


Plat 


II, which received 3 applications, of 41.22 per cent, and Plat III, 


receiving 2 applications, a gain of 43.52 per cent. 


According to the 


notes accompanying this experiment very serious injury followed the 
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4 applications given Plat I, and the injury to Plat III was also so 
severe as to render unsafe such a number of applications. 

Table CV gives results of spraying Elberta peaches for the curculio 
at Baldwin, Ga., in 1910. (See Pl. XIX.) These plats contained 
some 200 trees each and counts were made of fruit produced through- 
out the season on 12 trees from each plat. Two applications of 
arsenate of lead were made, the first in water and the second in the 
self-boiled lime-sulphur wash (see p. 212). At the time of the first 
application, April 7-8, the blossoms of the trees had just fallen. The 
unsprayed block (Plat.II) yielded 56.85 per cent of sound fruit as 
compared with 89.85 per cent of sound fruit from the sprayed block, 
a gain of 33 per cent. 


TasLeE CV.—Results of spraying Elberta peaches for the plum curculio, Baldwin, Ga., 
\ 1910. 


; itt 3 
Set ee Mae |e | 
2 Total | num-) cont. on 
Flat Treatment. Tree num- | ber of | soe of| cent- 
No. - Bie I Te pero fruits | sound | age of 
n- - |fruits.| in- : 
Total. fested. Total. fested. fested.| fruit. sauna 
1 
2 
i eees First application Apr. 7-8, ar- 3 
senate of lead 2 pounds to 50 4 
gallons water; second opps 5 
tion, 2 pounds arsenate lead in 6 
self-boiled lime-sulphur wash 7 
(8-8-50), eee third ap- 8 
plication, lime-sulphur wash 9 
only (8-8-50), June 17-18. 0 
1 
12 
1 
2 
3 
4 
5 
Whe ve-| Wntreated. 22. <<-c5200ccse0e-22 04/2 2 
8 
9 
10 
11 
12 


3,251 | 1,088 |3,907 | 2,000 | 7,158 | 3,088 |......- 56. 85 


The recent development, by Prof. W. M. Scott of the Bureau of 
Plant Industry of this department, of the self-boiled lime-sulphur 
wash as a fungicide for the control of brown rot and the scab of 
peach at once gave an enormous impetus to peach spraying. The 
desirability of combining arsenate of lead with the self-boiled lime- 
sulphur wash led to many tests to determine its practicability. Such 
a combination, while resulting'in important chemical changes, has 
in actual practice resulted in a spray which appears to be perfectly 
safe to peach foliage and fruit. Experience during the past 3 years 
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with this combined spray on peaches under varying climatic condi- 
tions seems to leave no doubt that by this combination the injurious 
properties of the arsenate of lead, as when used alone, are so reduced 
as to be practically negligible. This probably results from the ex- 
cess of lime in the self-boiled wash. In Circular 120 of this bureau, 
published in the spring of 1910, a schedule of applications for this 
combined spray was given, including 2 applications of arsenate of 
lead with an additional one of the lime-sulphur wash alone. This 
schedule was followed by many orchardists in the South and a large 
ageregate of trees was thus treated. The results have been uni- 
formly satisfactory, so far as controlling the curculio and the diseases 
are concerned, and without noticeable injury to the foliage and fruit 
above referred to. It may therefore be assumed that a satisfactory 
combined spray for the insect and the brown rot and scab of the 
peach has been established, as has so long been in use on other 
deciduous fruits. 

Results of further experiments with this combined spray for the 
curculio, brown rot, and scab during 1910 have been given in Far- 
mers’ Bulletin 440, fully confirmmg previous results as to its great 
usefulness for the practical control of these three troubles. It is 
practically certain that its use will be equally effective in preventing 
losses to other stone fruits, as plums, cherries, apricots, etc. Direc- 
tions for making the self-boiled lime-sulphur wash and arsenate of 
lead spray, with a schedule of treatments for peaches, are quoted 
from the bulletin above referred to. 


DIRECTIONS FOR THE PREPARATION OF SELF-BOILED LIME-SULPHUR 
WASH. 


The standard self-boiled lime-sulphur mixture is composed of 8 
pounds of fresh stone lime and 8 pounds of sulphur to 50 gallons of 
water. In mild cases of brown rot and scab a weaker mixture con- 
taining 6 pounds of each ingredient to 50 gallons of water may be 
used with satisfactory results. The materials cost so little, how- — 
ever, that one should not economize in this direction where a valu- 
able fruit crop is at stake. Any finely powdered sulphur (flowers, 
flour, or ‘‘commercial ground” sulphur) may be used in the prepa- 
ration of the mixture. 

In order to secure the best action from the lime, the mixture should 
be prepared in rather large quantities, at least enough for 200 gal- - 
lons of spray, using 32 pounds of lime and 32 pounds of sulphur. 
The lime should be placed in a barrel and enough water (about 6 
gallons) poured on to almost cover it. As soon as the lime begins 
to slake the sulphur should be added, after first running it through 
a sieve to break up the lumps, if any are present. The mixture 
should be constantly stirred and more water (3 or 4 gallons) added 
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Fig. 1.—GASOLINE POWER OUTFIT IN OPERATION. (ORIGINAL.) 


Fig. 2.—DETERMINING RESULTS OF SPRAYING, EACH PEACH BEING CUT OPEN. (ORIGINAL.) 


FIELD EXPERIMENTS IN GEORGIA FOR CONTROL OF PLUM CURCULIO 
AND PEACH DISEASES. 
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as needed to form at first a thick paste and then gradually a thin 
paste. The lime will supply enough heat to boil the mixture sev- 
eral minutes. As soon as it is well slaked water should be added to 
cool the mixture and prevent further cooking. It is then ready to 
be strained into the spray tank, diluted, and applied. 

The stage at which cold water should be poured on to stop the 
cooking varies with different limes. Some limes are so sluggish in 
slaking that it is difficult to obtain enough heat from them to cook 
the mixture at all, while other limes become intensely hot on slaking, 
and care must be taken not to allow the boiling to proceed too far. 
If the mixture is allowed to remain hot for 15 or 20 minutes after 
the slaking is completed, the sulphur gradually goes into solution, 
combinirg with the lime to form sulphids, which are injurious to 
peach foliage. It is therefore very important, especially with hot 
lime, to cool the mixture yuickly by adding a few buckets of water 
as soon as the lumps of lime have slaked down. The intense heat, 
violent boiling, and constant stirring result in a uniform mixture 
of finely divided sulphur and lime, with only a very small percentage 
of the sulphur in solution. The mixture should be strained to take 
out the coarse particles of lime, but the sulphur should be carefully 
worked through the strainer. 


DIRECTIONS FOR USING ARSENATE OF LEAD. 


Many experiments have shown that well-made arsenate of lead is 
much the safest of all arsenicals at present availablefor use on the peach. 
Arsenate of lead is to be found on the market both as a powder and 
as a putty-like paste, which latter must be worked free in water 
before it is added to the lime-sulphur mixture. The paste form of 
the poison is largely used at the rate of about 2 pounds to each 50 
gallons of the lime-sulphur wash and is added, after it has been well 
worked free in water, to the lime-sulphur spray previously prepared. 
As there are numerous brands of arsenate of lead upon the market, 
the grower should be careful to purchase from reliable firms. A 
decided change in color will result when the arsenate of lead is added 
to the lime-sulphur mixture, due to certain chemical changes which, 
in the experience of the writers, do not injuriously affect the fungi- 
cidal and insecticidal properties of the spray or result in important 
injury to the foliage. 

In large spraying operations it will be more convenient to prepare 
in advance a stock mixture of arsenate of lead, as follows: Place 100 
pounds of arsenate of lead in a barrel, with sufficient water to work 
into a thin paste, diluting finally with water to exactly 25 gallons. 
When thoroughly stirred, each gallon of the stock solution will thus 
contain 4 pounds of arsenate of lead, the amount necessary for 100 
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gallons of spray. In smaller spraying operations the proper quantity 
of arsenate of lead may be weighed out as needed, and thinned with 
water. In all cases the arsenate of lead solution should be strained - 
before or as it is poured into the spray tank. The necessary care 
should be exercised to keep the poison out of the reach of domestic 
and other animals. Powdered arsenate of lead is used at about one- 
half the strength of the paste form. 


SCHEDULE OF APPLICATIONS. 


Most of the peach orchards in the eastern half of the United States 
should be given the combined treatment for brown-rot, scab, and 
curculio. This is particularly true of the southern orchards, where 
all these troubles are prevalent. In some of the more northern 
orchards the curculio is not very troublesome, but as a rule it will 
probably pay to add the arsenate of lead in ai least the first lime- 
sulphur application. 

The self-boiled lime-sulphur mixture referred to in the following 
outlines of treatment should be made of a strength of 8 pounds of 
lime and 8 pounds of sulphur to each 50 gallons of water, and the 
arsenate of lead should be used at the rate of 2 pounds to each 50 
gallons of the mixture or of water. When the poison is used in 
water there should be added the milk of lime made from slaking 2 
to 3 pounds of good stone lime. When used-in the lhme-sulphur 
mixture additional lime will not be necessary. 

Midseason varieties—The midseason varieties of peaches, such as 
Reeves, Belle, Early Crawford, Elberta, Late Crawford, Chairs, 
Fox, and Beers Smock, should be sprayed as follows: 

(1) With arsenate of lead alone, about 10 days after the petals fall (Pl. XX), or at the 
time the calyxes are shedding. 

(2) With self-boiled lime-sulphur and arsenate of lead, two weeks later, or foie to 
five weeks after the petals have been shed. 

(3) With self-boiled lime-sulphur alone, four to five weeks before the fruit ripens. 

Late varieties—The Salway, Heath, Bilyeu, and varieties with a~ 
similar ripening period should be given the same treatment prescribed 
for midseason varieties, with an additional treatment of self-boiled 
lime-sulphur alone, to be applied three or four weeks after the second 
application. 

Early varieties —The Greensboro, Carman, Hiley, Mountain Rose, 
and varieties having the same ripening period should receive the first 
and second applications prescribed for midseason varieties. 

Where the curculio is not particularly bad, as in Connecticut, 
western New York, and Michigan, the first treatment, which is for 

this insect only, may be omitted. Also for numerous orchards 
throughout the Middle States where the insect, especially in the 
younzer orchards, is not yet very troublesome, ‘orchardiats should 
dere as 
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SIZE OF PEACHES AT TIME OF FIRST SPRAYING WITH ARSENATE OF LEAD, SHOWING 
ON THE LEFT THE EARLIEST AND ON THE RIGHT THE LATEST STAGES IN DE- 
VELOPMENT WHEN THIS TREATMENT SHOULD BE GIVEN. (ORIGINAL.) 
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use their judgment as to whether the first application may be safely 
omitted. Where peach scab is the chief trouble, and brown-rot and 
curculio are of only minor importance, as may be the case in some of 
the Allegheny Mountain districts, satisfactory results may be had 
from two applications, namely, the first with self-boiled lime-sulphur 
and arsenate of lead four to five weeks after the petals fall, and the 
second treatment of the above schedule with self-boiled lime-sulphur 
alone three to four weeks later. These two treatments, if thoroughly 
applied, will control the scab and brown-rot, especially on the early 
and midseason varieties, and will materially reduce curculio injuries. 
Even one application of the combined spray made about five weeks 
alter the petals fall would pay well, although this is recommended 
only for conditions where it is not feasible to do more. 


SPRAYING PLUMS AND CHERRIES. 


The first important tests of arsenicals in the control of the curculio 
~ were made on plums and cherries. In 1887 Mr. W. B. Alwood, work- 
ing under the direction of the entomologist of this department, made 
some limited tests on the grounds of the Ohio Agricultural Experi- 
ment Station, spraying Green Gage plum trees with Paris green at 
the rate of 1 pound to 50 gallons of water. Fully 50 per cent of the 
foliage and much of the fruit fell from the trees as a result of the 
treatment. No definite conclusions were drawn from-the experiment. 
May 17 of the same year 17 cherry trees were also sprayed with Paris 
green, 1 pound to 50 gallons of water, and the results in this instance 
also were not fully determined. 

During the same year Prof. A. J. Cook in Michigan sprayed 4 plum 
trees May 18 with Paris green at the rate of 1 tablespoonful to 6 
gallons of water. No trees were kept for comparison, and no definite 
conclusions were thus to be drawn. During 1888 Prof. H. Osborn, 
then an agent of the Division of Entomology, carried out in Iowa 
some thorough spraying experiments, using 11 plum trees of several 
varieties, leaving 10 trees unsprayed as a check. London purple was 
used at the rate of one-half pound to 100 gallons, applications being 
made June 1 and 11. Concerning results, Prof. Osborn states: 

Combining the entire count of all varieties, and we have for the sprayed trees a 
final of 32.48 per cent punctured, or stung, and 5.71 per cent containing larvee, against 
a final of 41.86 per cent stung and 10.39 per cent containing larvee for the check trees. 

During the same year Prof. Weed in Ohio began a series of tests of 
arsenicals on cherry and plum, which were continued during 1889 
and 1890, during which latter year the work was carried out on a 
commercial basis in a plum orchard of 900 trees in the fruit districts 
along the south shore of Lake Erie. These careful experiments of 
Prof. Weed clearly showed that a considerable benefit from spraying 
was to be derived and were altogether the most extensive and com- 
plete heretofore presented. 
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In Bulletin 9 of the Iowa Agricultural Experiment Station, page 
383 (1890), Prof. Gillette gives results of experiments on plums with 
London purple on the plum curculio and plum gouger. The poison 
was applied with a hand pump to 23 trees at the rate of 1 pound to 
120 gallons May 4 and 11. The leaves were badly burned. After 
May 25 all drop fruit on 5 trees each of the sprayed and unsprayed 
blocks was examined. A total of 21,000 plums was examined, and a 
benefit was determined of 1.1 per cent in favor of spraying. 


SOME RESULTS OF SPRAYING PLUMS. 


At Fort Valley, Ga., during 1905 Mr. Beattie carried out some spray- 
ing tests on Japanese plums. The plats were, however, small and 
there was considerable overflow from the surrounding unsprayed 
trees. Plats were laid off, extending across three varieties, namely, 
‘Wickson, Red June, and Satsuma, in which order the varieties are 
given in the table. The entire crop throughout the season from 
three trees of each variety was counted with the exception of Plat I, 
where only 2 trees were used. Plats received from 1 to 3 applications 
of arsenate of lead in water, without addition of lime. According to 
Mr. Beattie’s notes practically no injury resulted to the foliage from 
the sprays. The results are given in Table CVI. 


Taste OCVI.—Results of spraying Japan plums for the plum curculio, Fort Valley, Ga., 
1905. : 
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Curculio injury on all of the plats was severe. On the check there 
was only 28.55 per cent of fruit free from punctures and infestation. 
On the plat sprayed 3 times, 61.67 per cent of the plums were sound, 
a gain in sound fruit over the check of 33.12 per cent. Two applica- 
tions gave a gain of 11.15 per cent and the single treatment showed 
an increase over the check of 18.37 per cent, a difference doubtless 
due to location. A more exact idea of the commercial benefits of 
spraying, however, may be had by a consideration of the relative 
amount of ripe fruit at picking time showing the punctures of the 
insect, as being more or less deformed and unsalable, for it will be 
understood that not all ripe fruit showing punctures is unsalable. 
On the check plat (IV) of the ripe fruit at picking time 66.58 per cent 
were punctured, as against 24.48 per cent on Plat II, receiving 3 
applications. Plats I and II show about the same amount of punc- 
turing on the ripe fruit, namely, 39.41 and 41.20 per cent, respectively. 

During 1906, »t North East, Pa., an orchard of about two hundred 
16-year old plum (York State prune) trees were sprayed by Mr. 
Johnson, using Bordeaux mixture plus 3 pounds arsenate of lead. 
Through an error only one tree was left unsprayed for comparison. All 
of the fruit throughout the season was carefully examined from this 
tree and an adjacent unsprayed tree, and the results are shown in 
Table CVII. Previous to this season the owner had followed the 
jarring method, but by reason of the favorable results spraying was 
subsequently followed. 

This same orchard was sprayed during the following year by Mr. 
Johnson, and results taken on five sprayed and five unsprayed trees 
are shown also in the table. 

Taste CVI1.—Results of spraying York State prunes for the plum curculio during the 
seasons 1906 and 1907, North East, Pa. 
1906. 
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During 1906 there was a gain in sound fruit on the sprayed trees 
of 50.02 per cent as compared with the check of 50.01 per cent. The 
difference the following year, however, was small, 1.27 per cent, as 
the insects were comparatively scarce, no doubt following their 
practical extermination in the orchard the year previous. 

Extensive plum-spraying experiments were begun at Barnesville, 
Ga.,in 1910. The work, however, was stopped by the loss of practi- 
cally all of the fruit from the effects of a heavy wind storm. 


RESULTS OF SPRAYING CHERRIES. 


A block of Montmorency cherry trees at North East, Pa., was 
sprayed June 11 with 3 pounds of arsenate of lead to 50 gallons of 
water plus 3 pounds of stone lime. Another block received an addi- 
tional application June 25, while a third block (4 rows through center 
of orchard) was left unsprayed. When fruit was gathered, July 18, 
three trees on the first-mentioned plat gave a total of 16 wormy 
cherries and 434 pounds of sound fruit. The same number of trees on 
the second block, having 2 applications, gave 10 wormy cherries 
and 53 pounds of sound fruit. The 3 trees on the check plat gave 74 
wormy cherries and only 16 pounds of sound fruit. The trees were 
chosen as nearly alike as possible and the results may thus be fairly 
compared. As compared with the check, the plat treated twice 
shows an increase in sound fruit of 37 pounds and from the Be 
sprayed once a gain of 27.5 pounds. 

More data are needed to show the protection from curculio whien 
will follow spraying plums and cherries, though this will without 
doubt be quite as marked as with aeanlhee. The same spraying 
schedule indicated for early peaches will be suitable for plums and 
cherries, and the arsenical should be used in the self-boiled lime- 
sulphur wash. 
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THACHER, JAMES.—The Southern Agriculturist, vol. 2, no. 1, p. 47. 

Remedy: Spreading under infested trees lime, wood ashes, fresh seaweed, ground 
bark from tan pits, coal ashes, etc., to prevent descent into the earth of the cur- 
culio. 

Harris, THappEus Wm.—Apple worm; curculio plum grub.<New England 


Farmer, vol. 22, p. 13. 
Characteristics of codling moth and cure’sio. 
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1843. Burnett, Jont.—tTrans. Mass. Hort. Soc., 1843, p. 18. 


Résumé of the early accounts of the curculio and methods for its control. 


1843. Loverr, Carpt.—The Cultivator, vol. 10, no. 9, p. 150. 
The plum curculio killed by salt. 
1844.* GayLorp, W.—Trans. N. Y. St. Agr. Soc., vol. 3, pp. 314-315. 


Prize essay on plum curculio; compiled account of life history, etc. 
1844. Kenrick, Jonn A.—The New York Farmer and Mechanic, vol. 1, no. 21, 
p. 347. 


Remedy against plum curculio: Batter of meadow mud well saturated with 
salt lye spread and spaded to each infested tree. 


1844. Jacoss, Benzyamin.—The New York Farmer and Mechanic, vol. 2, no. 17, 
peli. 


Salt spread over the ground under plum trees as far as spread of limbs prevents 

curculio arising from ground in early spring, and insures abundant crop of fruit. 
1844. Harris, T. W.—New England Farmer, vol. 22, p. 18. 

Description of the grub of the plum canara distinguished from the apple 
worm. 

1844. Burnett, Jozr.—New England Farmer, vol. 22, pp. 49-51. 

Description of the curculio with*~~res of the various stages; life history obser- 
vations, and methods to be employed for its control. (An essay to compete for an 
award of $200 for destroying the curculio, offered by the Massachusetts Horticul- 
tural Society.) 

1847. Lanpretu, D.—Dictionary of Modern Gardening, p. 176. 
Quotes article from “Fruits and fruit trees of North America,” by Downing. 
1847. Davis, N. S.—Fruits, Insects, ete.<Amer. Journ. Agr. and Sci., vol. 5, pp. 
168-169, March. 
Injuries produced by the plum curculio discussed. 
1848. Hat, Cates.—The Cultivator, vol. 5, no. 9, p. 278. 

Fumigating plum trees with brimstone to protect from ravages of the curculio 
recommended. 

1849. Coxe, S. W.—American Fruit Book, p. 204. 

Anaccount of the plum curculio, with description and figures of larva, pupa, and 
adult, and stung plum. Treats of remedies. 

1849. CLeveLaNnD, H. W. S.—The Horticulturist, vol. 4, no. 3, p. 128. 

An account of paving under infested trees to protect crop of fruit from plum 
curculio. 


1849. Spatpine, L. A.—The Cultivator, vol. 6, no. 8, p. 247. 


An article “ Paving vs. Jarring” in treatment against plum curculio. 


1849. Sanborn, EastpurN.—New England Farmer, vol. 1, no. 9, p. 137. 
An account of breeding experiments to determine habits of the curculio; reme- 
dial measures indicated. 


1850. Harwe.t, Ropert.—The Horticulturist, vol. 5, no. 6, p. 258. 
An account of puncturing of fruit by the eurculio. 


1850. GasrieL, G.—The Horticulturist, vol. 5, no. 1, p. 22. 
Remarks on remedies against plum curculio, namely, gouging eggs out with sharp 
instrument. 


1850. Spraupine, L. A.—The Horticulturist, vol. 5, no. 1, p. 30. 


An account of paving to destroy the curculio. 
1850. Youne, L.—The Horticulturist, vol. 5, no. 5, p. 245. 

Whitewashing trees and dusting with lime to prevent curculio injury. 
1850. Coxe, S. W.—The Cultivator, vol. 7, no. 12, p. 395. 

Remarks on jarring against the plum curculio. 
1850.* Movuzson, S.—New England Farmer, vol. 2, no. 24. 


Account of the destructiveness of the curculio. 


1850. Drake, R. H.—The Cultivator, n.s., vol. 7, p. 47. 


Remarks on jarring against the pion curculio. 


1850. Sangzorn, Eastman.—New England Farmer, vol. 2, no. 12, p. 197. 
Account of plum curculio and remarks on remedies. 
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1850. 


1850. 


1850. 


1850. 


1851. 


1852. 


1852. 


1852. 


1852. 


1852. 


1852. 


1852. 


1852. 


1853. 


1853. 
1853. 
1854. 
1854. 
1854. , 


1854. 


* 


THE PLUM CURCULIO. 


Smpson, H. B.—The Southern Planter, vol. 10, no. 9, p. 265. (From Hovey’s 
Magazine of Horticulture.) 
An account of the habits of the curculio with remedial measures for its control. 
Drake, R. H.—The Cultivator, vol. 7, no. 1, p. 47. 

Remarks on jarring against the plum curculio. (Uses a large umbrella to catch 
falling insects.) ‘ 

Harris, THappEuS Wm.—Injurious insects.<(New England Farmer, vol. 2, 
p. 252. 
Habits and ravages of the plum curculio, with remedies. 
H(arrts), T. W.—Curious facts in natural history.<Sat. Rambler, vol. 5, no. 
47, p. 4, November 23. 
Remarks on the plum curculio. 
GREEN, Harvey.—The Genesee Farmer, vol. 12, p. 96. 

An account of destroying the curculio by holding burning straw torches around 

infested trees, into which the beetles fly. 
Hackett, J.—The Horticulturist, vol. 7, no. 1, p. 51. 

An account of freeing trees from curculio by throwing common wood ashes all 

through the branches and over the tree early in the morning when wet with dew. 
Stoxes, Wm.—The Horticulturist, vol. 7, no. 8, p. 350. 

Results of spraying trees with whitewash to which has been added flour of 

sulphur, at the rate of one-half pound to a pailful of whitewash. 
BucHanan, R.—The Horticulturist, vol. 7, no. 9, p. 4388. 

Reports good results by the shaking system and details the methods for its 
operation against the plum curculio. 

Luptow, THos. W., Jk.—The Horticulturist, vol. 7, no. 9, p. 432. 
Ravages of the curculio prevented. 
Dean, JosHua.—The Horticulturist, vol. 7, no. 11, p. 528. 

“Remedies for the curculio. A new one.’ CM ounce of sal ammoniac atid a 
pint of soft soap dissolved in 3 gallons of water, thrown on the foliage and fruit 
with a syringe in the morning, twice or thrice a week.) 

“©. E. G.’’—The Cultivator, vol. 9, n. s., no. 4, pp. 146-147. 

Plan of a curculio catcher. Facts and figures showing that the curculio can be 
certainly, safely, and cheaply resisted. 

BirMineHam, H. —The Cultivator, vol. 9, n.s., no. 5, p. 182. 

Oil troughs for the curculio. 


Evans, Gurpon.—Insects injurious to vegetation. In a general view and 
agricultural survey of Madison Co., N. Y.<Trans. N. Y. St. Agr. Soc., vol. 
11, pp. 745-746, 1851. 

Betts, CHas.—The Cultivator, vol. 1, no. 5, p. 155. 


Throwing air-slaked lime ati plum trees to prevent curculio injury. 


“MaxweE Lt, S., Jk.—The New England Farmer, vol. 5, p. 372. 


Discovers eggs of curculio under flap, which he regards as new habit in history 
of insect. Recommends removal of egg with penknife= 


Laxe, J.—New England Farmer, vol. 5, p. 479. . 
Uses air-slaked lime on trees when fruit sets, applying early in the morning when 
dew ison. Reports complete success. 


Parsons, JoHN, JR.—American Agriculturist, vol. 13, no. 8, n.s., p. 118. 
An account of jarring plan, giving details of the work and indicating number of 
beetles caught during different years, and amount of sound fruit at harvest time. 


LonewortTH, N.—The Country Gentleman, vol. 3, no. 4, p. 59. 
Saves his crop from plum curculio by paving under trees as far as spread of 
branches. 


Downinea, A. J.—Rural Essays, p. 439. 
Remarks on destructiveness of curculio to plum; and states it is less injurious 
where soil.is a stiff fat clay, where curculio finds poor quarters in the soil. 


Rosinet, A.—New England Farmer, vol. 6, p. 325. 
Quotes Ohio Cultivator; communication to Cincinnati Horticultural Society, 
Recommends jarring against plum curculio, using two semicircular sheets on hoop 
frames. t 


1854. 
1854. 


1854. 


1854. 


1855. 
1856. 


1856. 
1856. 
1856. 


1856. 


1857. 


1857. 


1858. 
~ 1858. 
1858. 


1858. 


1858. 


1858. 


1859: 


1859. 
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CLEMENT, Asa.—New England Farmer, vol. 6, p. 234. 
Describes jarring against plum curculio and recommends use of sheet. 


Hap.ey, JosepH.—New England Farmer, vol. 6, p. 315. 
Use of putrid soap suds against plum curculio, followed by dusting with lime. 


CHapin, Rusrin.—New York Tribune. 
Quotes New England Farmer, vol. 6, p. 210. Describes remedy used by J. H. 
Mather, namely, sulphur, lard, and Scotch snuff, mixed and rubbed freely on body 
and branches of trees. In a few days curculio all left. 


Harris, T. W.—Report on some of the diseases and insects affecting fruit 
trees and vines.<Proc. Amer. Pom. Soc., p. 215. Sep.: Boston, 11 pp. 
Rept. Journ. U. 8. Agr. Soc. pp. 197-210. Amer. Pom. Soc., 1854. 

Wyman, J. P.—New England Farmer, vol. 7, p. 374. 

Describes injury of curculio to apple. 
Homes, 8. N.—The Country Gentleman, voi. 7, no. 24, p. 383. 
Fumigation with tobacco fumes to prevent curculio attack. 


Hitt, Dr.—The Country Gentleman, vol. 7, no. 26, p. 412. 


Experiments t. determine migratory habits of curculio. 


‘Prynry, A.—The Genesee Farmer, vol. 2., 2d ser., p. 283. 


Remarks on habits of plum curculio, as a peach pest. 


Tuomas, J. J—The Country Gentleman, vol. 8, no. 8, p. 142. 
Mathew’s curculio remedy. Refers to remedies in vogue. 


Kirkpatrick, JoHN.—Notes on a few insects of northern Ohio, injurious to 
the farmer or horticulturist.<10th Ann. Rept. Bd. Agr. Ohio, 1855, pp. 
243-244. 

Includes remarks on the plum curculio. 

Loturop, D. W.—The Genesee Farmer, ‘vol. 18, 2d ser., p. 286. 

Remarks on various remedies against the plum curculio, such as paving, shaking, 
and syringing the trees with asafoetida, salt water, and strong limewater. 

Fow.ter, Samuex P.—Distribution of insects injurious to vegetation.<4th 
Ann. Rept. Sec. Mass. Bd. Agr., 1856, pp. 449-450. 

Habits and means to be used against the plum curculio. 

Dartine, Mrs. N.—New England Farmer, vol. 10, p. 73. 

Questions raised as to life history of the plum curculio. 
Waite, W. N.—American Agriculturist, vol. 17, no. 8, n. s., p. 245. 
Discussion of the shaking method to protect fruit against curculio. 
Cuay, C. M.—The Country Gentleman, vol. 12, no. 1, p. 14. 
Remarks on various curculio remedies. 

AFFLECK, THomas.—The Country Gentleman, vol. 12, no. 17, p. 272. 

Refers to the discovery by an intelligent citizen of a new remedy for the curculio, 


to be given to the public for some compensation, and makes inquiry about prem- 
iums offered by some of the eastern horticultural societies. 


Lupiow, Tos. W., Jr—The Country Gentleman, vol. 12, no. 10, p. 158. 
Remarks on habits of the curculio and remedies for protecting fruit against its 
depredations. 


SANBORN, FrANcIS GREGoRY.—Entomology.<5th Ann. Rept. Sec. Mass. 
Bd. Agr., 1857, p. 199. 


Characters and habits of the plum curculio, and remedies. 


Logan, D. B—The Cultivator, vol. 7, 3d series, no. 3, p. 82. 
Remarks on remedy against the plum curculio, namely, whale-oil soap syringed 
on infested plum trees. 


Fircn, Asa.—The Cultivator, vol. 7, 3d series, no. 11, p. 340. 
Parasitic enemies of the curculio. Food habits. Describes and figures Sigalphus 
curculionis Fitch, with notes on its habits. 
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1859. 


1860. 


1860. 


1861. » 


1863. 


1864. 


1865. 


1865. 


1865. 


1866. 


1866. 


1866. 


1866. 


1867. 


THE PLUM CURCULIO. 


Morris, Miss Mareareta H.—Original observations on insects injurious to 
our fruits. The Curculio.<Horticulturist, vol. 14, pp. 506-508, pl., and 
figs. 1-4. 

Characters and natural history of the plum curculio. 

GoopricH, CHAauNcEY E.—The Country Gentleman, vol. 15, no. 21 (whole 
no. 385), p. 334. 

The curculio and its repulsion; its natural history and its habits; remedies. 

Fitcn, Asa.—‘‘Address.’? On the curculio and blackknot of plum trees. 
<Trans. N. Y. State Agr. Soc., 1859, vol. 19, pp. 599-612. Separate: Albany, 
1860, pp. 15-28. 

Description, ravages, and parasite of the plum curculio, and remedies. 

WatsH, BenzyAmMIn Dann.—Insects injurious to vegetation in I]linois.<Trans. 
Ill. St. Agr. Soc., vol. 4, pp. 345-346, September. Separate: 1861, 43 pp. 
Repr. (partim), Trans. Ill. Nat. Hist. Soc., vol. 1; Prairie Farmer, December 
6, pp. 370-371. 

Notes on the plum curculio. 

Id.—The plum gouger; a new foe of the plum.< Prairie Farmer, vol. 27, n. s. 
vol. 11, pp..372-373, figs., June 13. 

Compares Anthonomus with Conotrachelus. 

Id.—The. four-humped curculio. A new foe of the apple.<Valley Farmer. 
Rept. Prairie Farmer, vol. 30, n. s., p. 131, 2 figs., August 27. 


Compares with nenuphar. 
TRIMBLE, I. P.—Injurious insects.<Proc. Amer. Pom. Soc., pp. 93-94. 
Habits of the plum curculio. 

Id.—A treatise on the insect enemies of fruit and fruit trees. New York, 
11 pls., pp. 3-102. 

Anextended account of curculio and codling moth, with numerous colored plates. 

SANBORN, FRANCIS GREGORY.—The habits of insects in their relation to 
man.<12th Ann. Rept. Sec. Mass. Bd. Agr., 1864, p. 158. 

Ravages of the plum curculio. 

Ritey, C. V.—Flea-beetles and curculio.<Prairie Farmer, vol. 31, n. s. vol. 
15, p. 418, fig. 

Habits of the plum curculio and remedies; figures pupa. 

WatsH, B. D.—On phytophagic varieties and phytophagic species with 
remarks on the unity of coloration in insects.<Proc. Ent. Soc. Phila., vol. 5, 
p. 207, Ann. (and Mag.) Nat. Hist., vol. 16, ser. 3, pp. 383-384. 

é Refers to curculio. 

Masten, C. R. C.—The Cultivator and Country Gentleman, vol. 27, no. 693, 
p. 271. 

Remarks on habits of the curculio. 

WatsH, B. D.—Doctors differ.<Pract. Ent., vol. 1, p. 96, July 30. Criti- 
cisms; sheep in orchard do not keep away nenuphar. Answer to the above 
by B. D. W., 7b., vol. 2, pp. 31-33, figs. Answer to questions in 8. 8. 
Houghton’s Insects in the Orchard (7b., pp. 30-31). 

Food habits and hibernation of the plum curctlio. 
Ritey, C. V.—Black-knot once more.<Gardener’s Monthly and Horticulture, 
vol. 8, pp. 331-332, November. 

Larve present in swellings of (Spheria) Plowrightia morbosa Sacc. 

Hovueuton, J. S.—Insects in the orchard.<Pract. Ent., Dec., vol. 2, pp. 30-31. 
Notes on the plum curculio. 

Brackett, G. F.—Practical Entomology No. 10.<Maine Farmer, July 19. 
Description of the plum curculio and means to be taken against it. 

TrmBLE, Isaac P.—An insect talk.<Amer. Pom. Soc., pp. 119-120. 
Habits of the plum curculio and means to be taken against it. 


1867. 


1867. 


1867. 


1868. 


1868. 


1868. 


1868. 


1868. 


1869. 
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Ritey, C. V.—The curculio.<Prairie Farmer, vol. 35, n. s. vol. 19, p. 381. 


Successful use of machines for destroying the plum curculio; hibernates as adult. 


Id.—vol. 36, n. s. vol. 20, p. 148. 


Answer to inquiry regarding plum curculio; means to be taken against same. 


Id.—vol. 39, n. s. vol. 23, p. 122. 
Answer to inquiry regarding plum curculio; habits and means “to be taken 
against same. 


Hit, FRaNKuIN C.—The little Turk and its crescent. — Ent., August- 
* Sgausniias vol. 2, pp. 114-115. 


Gomoaten of the plum curculio. 


WatsH, B. D.—Means against curculio: Gistride.< Pract. Ent., vol. 2, p. 97. 
Answer to inquiry regarding the plum curculio; ineffective remedies against 
same. 
Id. —pp. 75-81. 
Characters of the Rhynchophora, with injuries, life history, food habits, num- 
ber of generations, and remedies. 


Id.—p.71. Extr. from Genesee Farmer, 1853, p. 125. Fighting the cur- 
culio. 

Ridicules recommendation of re’-~~lies other than jarring against plum curculio. 

Id.—Prairie Farmer, vol. 36, n. s. vol. 20, p. 359. 

Ravages and means against. 

Id.—Pract. Ent., vol. 2, pp. 114-115. 

Comments on correspondence; oviposition of plum curculio. 

Jd.—First annual report on the noxious insects of the State of Illinois.<Trans. 
Ill. St. Hort. Soc., 1867, n. s., vol. 1, Appendix, pp. 64-72. Separate: Chi- 
cago, 1868, figs. 

History, generations, enemies of the plum curculio, and remedies. 

Harris, THappEus Wm.—Insects injurious to vegetation (3d edition), pp. 

75-82. 


Riwey, C. V.—Report of committee on entomology.<Trans. Ill. St. Hort. Soc., 
1867, n. s., vol. 1, pp. 112-114. 


Habits and food plants of the plum curculio, and injuries inflicted by same. 


WatsH, B. D.—The bug-hunter in Egypt. A journal of an entomological 
tour into south Illinois by the senior editor.<Amer. Ent., vol. 1, pp. 11-14, 
figs. 

Id.—pp. 33-36. 

Predaceous enemies of the curculio. 

Id.—The six worst insect enemies of the fruit growers in northern Illinois.’ 

<Trans. Ill. Hort. Soc., 1867-68, p. 94. 


Watsa, B. D., and Riney, C. V.—Hogs vs. bugs.<cAmer. Ent., vol. 1, pp. 3-6. 
Swine as enemies of the plum curculio; favorable quotations. 
Id.—Entomological quackery.<Amer. Ent., vol. 1, p. 56. Rept. of ‘‘The 

Curculio,’”’ Iowa Homestead, July 22, 1868. 
Comments on the plum curculio; means against same. 
Watsu, B. D., and Ritey, C. V.—Curculio and barklice.<Amer. Ent., vol. 1, 
p. 80. 


Reply to inquiry regarding plum curculio; hibernation of same. 


Id.—p. 241. Comparative scarcity of the curculio again. 
Observations during summer of 1869. 


Rizey, C. V.—Ist Ann. Rept. on noxious insects, etc., of the State of Missouri. 
Sean Ann. Rept. St. Bd. Agr., 1868, pp. 50-52, 2 ie. 


Excellent account of plum carr and résumé, 
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1869.* Ritey, C. V.—Prairie Farmer, July 10, vol. 40, n. s. vol. 24, p. 218, fig. 


1869. 


1869. 


1869. 
1869. 


1869. 
1870. 


1870. 


1870. 


1870. 


S70: 


Apple leaf crumpler mistaken for curculio. Correspondence: Improper use of 
the word Curculio; means against. Figs. 


Id.*#— 
Reply: Recommends jarring against plum curculio. 
Watsu, B. D., and Ritey, C. V.—Plums for the million.<Amer. Ent., vol. 1, 
pp- 92-93. 
Remedies. Varieties of plums exempt from attack by plum curculio. 
Id.—p.161. Curculio remedies. 
Comments on an essay on the plum; coal oil not effective against plum curculio. 
Id.—p. 183. Another new curculio humbug. 
Extract from an agricultural paper, with criticisms. 
Id.—p. 202. The curculio scarcer than last year. 
Excerpt from correspondence; comparative scarcity of the curculio in 1869. 
Id.—pp. 217-218. Is the curculio scarcer than it was last year? 
Observations to prove it so. 
Id.—p. 226. A new curculio humbug. 
Reply: Usefulness of a patented lamp. 
“G. G.’—Hogs vs. Curculio.<Rural New Yorker, August 28. Reprint: 
Amer. Ent., vol. 2, p. 56, November. 
Usefulness of hogs against plum curculio. 


Francis, Lucius O.—Curculio remedies.<Amer. Ent., vol. 1, p. 161. 
Brown, A. M.—Curculio notes.< Amer. Ent., vol. 1, pp. 2389-241. 


Habits and natural history of the plum curculio. 


BAYER, Jonn C.—The plum curculio.<Amer. Ent., vol. 2, p. 53. 
TrimsBLE, Isaac P.—The plum curculio will deposit in fruit which overhangs 
water.<Amer. Ent., vol. 2, pp. 119-120. 
Tests and arguments to prove that trees planted over water are not protected 
from attacks of the plum curculio. 
Putten, B.—Hindrances to successful fruit growing.<Amer. Ent. and Bot., 
vol. 2, p. 170. 
Remedies against plum curculio. 
Le Baron, W.—Prairie Farmer, vol. 41, p. 338, October 29. 


Habits of the plum curculio. 


Id.—p. 258. 


Character and habits of the plum curculio. 


Harrwet., J. B.—Notes from Wilkinsonville, Mass.< Amer. Ent. and Bot., 


Vol. 2, p: aa6. 


Injuries inflicted by plum curculio. 


Ritey, C. V.—The plum curculio (Conotrachelus nenuphar Herbst.).< Amer. 
Ent., vol. 2, pp. 130-137, fig. 92. 


Summary of knowledge concerning the plum curculio, with discussion of dis- 
puted points. 


Id.—p. 165. Is any knowledge useless? 
Reprint of an article in Manufacturer & Builder, November, 1869. Cases in 
which knowledge of minute scientific facts will be of great value. 
Id.—pp. 225-227. Notice: Cultivator and Country Gentleman, vol. 35, pp. 
360-361. Great discovery. Curculio extermination possible! 
Reprint of articles on destruction of curculio; criticisms; remedies, etc. 


Id.—The new curculio remedy, p. 243. 
Id.—p. 276. The plum curculio breeds in apple. 


Reply to correspondent regarding the plum ¢eurculio. 
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1870. Rey, C. V.—The Ransom curculioremedy.< Amer. Ent., vol. 2, pp. 268-271. 
Efficiency of the ‘Ransom chip-trap against the plum curculio’’; criticism of 
articles on this subject. 


Id.—pp. 338. Paris green for the curculio. 


Paris green ineffective against the plum curculio. 
1871. SaunpeRs, W.—Hints to fruit growers. Paper No. 1.<Can. Ent., vol. 3, p. 12. 
Remedies against the plum curculio. 
1871.* Reed, E. B.—Insects affecting the plum.<Rept. Fruit Growers’ Assn. 
Ontario, 1870, pp. 120-126, 7 figs. 
Characters and habits of the plum curculio, and remedies against same. 
1871. Le Baron, W.—The plum curculio and the plum gouger, striped grapevine 
caterpillar. Notes to correspondents.<Prairie. Farmer, vol. 42, p. 171, 
June 3. 
Habits of the plum curculio. 
1871. LeBaron, W.—Insects injurious to fruits.<Trans. North. Ill. Hort. Soc., 
pp. 85-89. 


Brief notes on the plum ecurculio. 
1871. GuLover, TowNEND.—Report of the cuvomologist and curator of the museum. 
<Rept. U.S. Comm. Agr. for 1870, pp. 68-70. 
Brief note on the plum curculio. 
1871. Rmey, C. V.—Third Annual Report on the noxious, beneficial, and other 
insects of the State of Missouri.<6th Ann. Rept. St. Bd. Agr. f. 1870, pp. 11- 
29,9 figs. Separate: Jefferson City, Mo., April, 1871. 
Details in life history of the plum curculio and means of control. 


1871. Saunpers, W.—Hints to fruit growers. Paper No. 2.<Can. Ent., vol. 3, p. 26, 
o 
: fig. Remedies against the plum curculio. 
1872.* LeBaron, W.—Southern Illinois curculio experiments.<Prairie Farmer, 
June 15. : 
Notes on hibernation of the plum curculio and remedies against same. 
1872. Muerxan, T.—Insects on cherry trees.<Gardener’s Monthly, vol. 14, n.s. vol. 5, 
p. 154. 
Remedies against the plum curculio. 
1872. Guover, TowNEND.—Report of the entomologist and curator of the Museum. 
<Rept. U. 8. Comm. Agr. f. 1871, p. 77. 


Remedies against the plum curculio. 


1872. Wier, D. B.—Insects most noxious to fruit growers.<Trans. Wisc. St. Hort. 
Soc. f. 1872, pp. 165-167, 1 fig. 


Includes and deals with curculio. 


1872. Ritny, C. V.—Einige unserer schadlicherer Insekten, St. Louis, pp. 18-26, 
5 figs. 
2 Descriptions and figures of the plum curculio; habits, injuries, parasites, ene- 
mies, and remedies. 
Id.—Economic entomology.<Trans. Kans. St. Bd. Agr., 1872, pp. 320-323, 
2 figs. 


A chapter on curculio. 
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1896. Pricr, R. H.—The peach.<Bul. 39, Tex. Agr. Exp. Sta., pp. 844-845, 1 fig. 
Brief notice, injuries to peach, remedial measures with reference to plum cur- 
culio. . 
1896. Luecrer, Orro.—Insects injurious in 1896.<Bul. 48, Minn. Agr. Exp. Sta., 
1896, pp. 69-71, 1 fig., December. 
1897. Wesster, F. M., and Matty, C. W.—Insects of the year in Ohio.<Bul. 9, n.s., 
Div. Ent., U. 8. Dept. Agr., p. 43. 
Brief notes on plum curculio. 
1897. SiinceRLAND, M. V.—Life history of the plum curculio.<Rural New 
Yorker, p. 354, 1 fig., May 29. 
ZId.—Plum curculio and its eggs.<Jb., p. 420, June 26. 
1897. JoHnson, W. G.—Destructive insects and methods of controlling them. 
<American Gardening, no. 1, p. 22, January 2. 
Id.—March 13, p. 174, 1 fig. 
1897. Bogur,; E. E.—Some injurious orchard insects.<Bul. 26, Okla. Agr. Exp. 
Sta., p. 18, 1 fig. 
Brief note on the plum curculio. 
1897. Butz, GzEorce C.—-The peach industry in Pennsylvania. Curculio (Cono- 
trachelus nenuphar\.<Bul. 37, Pa. Agr. Exp. Sta., p. 27. 
Brief notes on the plum curculio; recommends jarring. 
1897. FLEetcHER, JAMEs.—Report of the entomologist and botanist.<Rept. Exp. 
Farms, Canada, 1896, p. 255. 
Brief note on the plum curculio. 
1897. Jounson, Wins G.—Notes from Maryland on the principal injurious insects 
of the year.<Bul. 9, n. s., Div. Ent., U. 8. Dept. Agr., p. 82. _ 
Records great injury to peaches; also attack of apples, pears, and plums. 
1897. Panton, J. H.—Instructions in spraying.<Bul. 105, Ont. Agr. College and 
Exp. Farms, p. 10. 
Remedies against plum curculio. 
1897?. Kinney, L. F.—The plum rot and its effect on plum culture in Rhode Island. 
<Rept. R. I. Agr. Exp. Sta., p. 191, 1896. 
1897?. Earue, F. S.—Japanese plums.<Bul. 85, Ala. Agr. Exp. Sta., pp. 423-448. 
Remedies against plum curculio. 
1897?. Gorr, E. §.—Miscellaneous Horticultural Work.<Wisc. Agr. Exp. Sta., 
Rept., 1896, pp. 234-235. 
Remedies against plum curculio. 
1897. Lrtone, B. M.—Insect pests and tree diseases liable to be introduced into the 
State and especially to be guarded against.<5th Bien. Rept. Cal. St. Bd. 
Hort., 1895-1896, p. 25. 
1898. Smita, J. B.—Report of the entomological department of the New Jersey 
Agricultural College Experiment Station for 1897.<Ann. Rept. N. J. Agr. 
Exp. Sta., 1897, pp. 404-405. 


Brief note on plum curculio. 
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1898. 


1899. 


1899. 


1899. 


1899. 


1899. 


1899. 


1899. 


1899. 


1900. 


1900. 


1900. 


THE PLUM CURCULIO. 


GittETTE, C. P.—Colorado’s worst insect pests and their remedies.<Bul. 
47, Colo. Agr. Exp. Sta., p. 22. 
Brief account of the plum curculio. 
Jounson, W. G.—Report on the San Jose scale in Maryland, and remedies for 
its suppression and control.< Bul. 57, Md. Ee Exp. Sta., p. 6. 
Brief notes on plum curculio. 
SLINGERLAND, M. V.—How the curculio sae the plum trees.< Rural 
New Yorker, p. 656, September 24. , 
Favuze, E. E., and Parrorr, P. J.—Some insects injurious to the orchard. 
<Bul. 77, Kans. Agr. Exp. Sta., pp. 41-48, fig. 1. 
? Notes on the plum cureulio. 
FERNALD, H. T.—Insects to be treated now by fruit growers. The apple worm 
and plum curculio.<Farmer’s Cir. 2, Pa. Dept. Agr., May. 
Brief account of the plum curculio. 
SLINGERLAND, M. V.—How insects spend the winter.<Rural New Yorker, 
p. 55, January 28; p. 116, February 18. ; 
Wesster, F. M.—Inquiries answered.<Ohio Farmer, p. 382, November 16. 
Transformation of the plum curculio. 
TittinaHast, J. A., and Apams, G. E.—Suggestions as to spraying.<Bul. 
52, R. I. Agr. Exp. Sta., pp. 35-36. 
Brief account of the plum curculio. 
Starnes, Hueu N.—Some peach notes.<Bul. 42, Ga. Agr. Exp. Sta., pp. 
227-228, 1 fig. 
Brief account of the plum curculio. 
Harvey, F. L., and Munson, W. M.—Apple insects of Maine.<Bul. 56, 
Maine Agr. Exp. Sta., pp. 134-136. 
General account of the plum curculio, with description of stages. 
Luacer, Orro.—Beetles injurious to fruit-producing plants.<Bul. 66, 
Minn. Agr. Exp. Sta., pp. 285-290, 6 figs. 
Popular account of the plum curculio. 
Jounson, W. G.—Miscellaneous entomological notes.<Bul. 20, n. s., Div 
Ent., U. 8. Dept. Agr., p. 64. 
Mention of the plum eurculio. 
Beacu, 8. A., Lows, V. H., and Stewart, F. C.—Common diseases and 
insects injurious to fruits.<Bul. 170, N. Y. St. Agr. Exp. Sta., pp. 483-434. 
Brief account of the plum curculio. 
FLetcHER, James.—Report of the entomologist and botanist.<Rept. Exp. 
Farms Can., 1898, pp. 202-203. 
Detection of apples and plums by the plum curculio. 
PRowee LAWRENCE.—Insect enemies of the apple and its fruit.<Ann. 
Rept. Nebr. St. Hort. Soc., 1898, p. 208, 1 fig. 
Note on the plum curculio. 
Fernatp, H. T.—Some insects attacking fruit and fruit trees.<Bul. 47, Pa. 
Dept. Agr., pp. 18-19. 
Brief account of life history, injuries, and treatment of the plum curculio. 
Doane, R. W.—Insects and diseases affecting the prune.<Bul. 38, Wash. 
Agr. Exp. Sta., pp. 43-44. 
Brief description of the plum curculio and remedies against same. 
Crosz, C. P.—Plant diseases and insect pests.<Bul. 65, Utah Agr. Exp. 
Sta., pp. 87-88. 
Remedies against plum curculio. 
Cootey, R. A.—Injurious fruit insects.<Bul. 23, Mont. Agr. Exp. Sta., pp. 
78, 79, 1 fig. 
Brief account of the plum curculio; injuries, life history, and remedies. 
Jounson, W. G.—Notes on insects of economic importance for 1900.<Bul. 


26, n.s., Div. Ent., U. 8. Dept. Agr., p. 83. 
Brief note on the plum curculio. 


1900. 


1900. 
1900. 


1901. 


1901. 


1901. 


1901. 


1901. 


1901. 


1901. 


1901. 


1901. 


1901. 


1901. 


1901. 


1902. 


1902. 


1902. 


1902. 


_ 1902. 
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SanpErson, E. D.—Notes from Delaware.<Bul. 26, n. s., Div. Ent., U.S. 
Dept. Agr., p. 67. 
Brief note on the plum curculio. 
Smitu, J. B.—The plum curculio.<Ent. Cir. 17, N. J. St. Bd. Agr., pp. 2. 
Remedies against the plum curculio-. 
WEED, C. M.—Insect record for 1899.<Bul. 72, N. H. Agr. Exp. Sta., pp. 68-69. 
Notes on the plum curculio. 
Bruner, L., and Hunter, W. D.—Insect enemies of the stone fruits.<Ann. 
Rept. Nebr. St. Hort. Soc., 1900, pp. 111-113, 1 fig. 
Life history of the plum curculio and remedies against same. 
Feit, E. P.—Plum curculio.<Country Gentleman, p. 604, July 25. 
Injury to leaves of plum by plum curculio. 
Fer, E. P.—16th Rept. on the injurious and other insects of the State of New 
_ York.<Bul. N. Y. St. Mus., vol. 7, no. 36, p. 989, 1900. 
Brief account of the plum curculio. 
FLeTcHER, JAmMES.—Report of the Entomologist and Botanist.<Ann. Rept. 


Exp. Farms, Can., 1900, p. 239. 
Injury to apples by the plum curculio. 
Brief note on the plum curculio 


GREEN, E. C.—Insect enemies of tree and fruit and how to control them. 
<Trans. Ill. Hort. Soc., 1900, pp. 114-125, p. 122. 
_ Remedies against the plum curculio. 
QuarInTANcE, A. L.—lInsect notes.<13th Ann. Rept. Ga. Agr. Exp. Sta., 
1900, p. 365. 


Brief note on the plum curculio. 
SLINGERLAND, M. V.—Do curculios crawl or fly?<Rural New Yorker, p. 104, 
February 16. 
SLINGERLAND, M. V.—Fighting the plum curculio.<Rural New Yorker, p. 
288, April 20. 


Coal tar does not give sufficient results. 


_ SmirH, W. B.—Insect enemies to fruit and their remedies.< Proc. Columbus 


Hort. Soc., p. 61. 


Remedies against the plum curculio. 


Snyper, A. H.—Insects injurious to fruit.<Proc. Columbus Hort. Soc., p. 56. 
Brief note on the plum curculio. 
FLETcHER, J.—3lst Ann. Rept. Ent. Soc. Ontario.<Rept. Ont. Ent. Soc., 
1900, p. 71. 
Brief note on the plum curculio. 
SHERMAN, F., Jk.—Injurious insects.< Bul. 6, N. C. St. Bd. Agr., vol. 22, pp. 
27-28, 1 fig. 


Banks, N.—Principal insects liable to be distributed on nursery stock.<Bul. 
34, n. s., Div. Ent., U.S. Dept. Agr., pp. 45-46. 


Biological notés on the plum curculio. 


CRANEFIELD, F.—Plum insects and diseases.<Wisc. Agr., p. 10, January 9. 
Recommends jarring against the plum curculio. 
Fiske, W. F.—Notes on certain injurious insects in Georgia.<Proc. Ga. St. 
Hort. Soc., 1902, p. 77. 
Discusses remedies for use against the plum curculio. 
GILLETTE, C. P.—Insects and insecticides.<Bul. 71, Colo. Agr. Exp. Sta., 
p. 14. 


Brief description of the plum curculio. 


Gorr, E. §.—Coal tar for plum curculio.<Wisc. Agr., p. 11, May 15. 


Advises against coal tar as remedy for plum curculio. 
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1902. 


1902. 


1902. 


1902. 


1902. 


1902. 


1902. 


1902. 


1902. 


1902. 


1902. 


1902. 


1902. 


1902. 


1903. 


1903. 


1903. 


1903. 


THE PLUM CURCULIO. 


Gossarv, H. A.—Report of committee on entomology.<Trans. Fla. Hort. 
Soc., p. 101. 


Brief note on the plum curculio. 


Howarp, L. O.—Notes from correspondence.<Bul. 38, n.s., Div. Ent., U.S. 
Dept. Agr., p. 109. 
Treats of parasites of the plum curculio. 
Jonnson, W. G.—Insect warfare in peach orchards.<American Agriculturist, 
p. 588, April 26. 
Jarring for plum curculio. 
Munson, W. M.—Habits of the plum curculio.<Rural New Yorker, p. 302, 
April 26. 


‘Murtretpt, M. E.—Drought, heat, and insect life.<Bul. 31, n.s., Div. Ent., 


U.S. Dept. Agr., pp. 97, 98. 
Note on effect of drought on the plum curculio. 
Murrretpt, M. E.—Recent experiments with destructive insects.< Rept. Mo. 
State Hort. Soc., p. 254. 
Plum curculio not much reduced in numbers by unusual climatic conditions. 
Scorr, W. M., and Fisxr, W. F.—Jarring for the curculio on a large scale in 
Georgia, with a list of the insects caught.<Bul. 31, n. s., Div. Ent., U.S. 
Dept. Agr., pp. 24-27, 2 pls. 
Account of jarring for plum curculio on a large scale. 
SLINGERLAND, M. V.—What the plum curculio does.<Rural New Yorker, p. 
400, June 7. 
Habits of the plum curculio. 
Smirn, J. B.—The entomologist’s experiment orchard.<Bul. 155, N. J. Agr. 
Exp. Sta., pp. 54, 56. 
Life history of the plum curculio and remedies against same. 
StrepMAN, J. M.—Some orchard pests.<34th Ann. Rept. Mo. St. Bd. Agr., 
p- 220. 


Brief note on the plum curculio. 
Fprnatp, H. T.—Some common pests of the farmer.<Bul. 99, Pa. Dept. Agr., 
pp. 23, 24. 


Life history of the plum curculio and remedies against same. 
Smiru, J. B.—Report of the Entomologist.<N. J. Agr. Exp. Sta. Rept., 1901, 
p. 484. 


Brief account of the plum curculio. 


Quaintance, A. L., and Smiru, R. I.—Egg-laying record of the plum curculio. 


<Bul. 37, n. s., Div. Ent., U.S. Dept. Agr., pp. 105-107. 
Table showing egg deposition of 9 female curculios during their lives. 
Epwarps, C. H.—Second biennial report of the Montana State Board of. 
Horticulture.<Mont. St. Bd. Hort., Rept., 1901-2, p. 80. 
Brief note on the plum curculio. 
Tirus, E. 8S. G.—Insects other than the codling moth injurious to the fruit of 
the apple.<Trans. Ill. St. Hort. Soc. for 1902, pp. 138-162. 
Life history of the plum curculio and habits of same. 
Wasueurn, F. L.—Injurious insects of 1903.<Bul. 84, Minn. Agr. Exp. Sta., 
p. 88, 1 fig. Also 8th Rept. St. Ent. Minn., p. 88, 1 fig. : 
Notes on the plum curculio. 
CuitrenpEeN, IF’. H.—The principal injurious insects in 1902.<Ybk. Dept. © 
Agr., 1902, p..731. 
Mention of plum curculio. 
Fer, E. P.—19th Report of the State Entomologist on injurious and other 
insects of the State of New York.<Bul. 76, N. Y. St. Mus., p. 137. 


Brief notes on the plum curculio. 


1903. 
1903. 
1903. 


1903. 


1903. 


1903. 
1903. 


1903. 


1904. 
1904. 
1904. 
1904. 


1904. 


1904. 


1904. 
1904. 
1904. 


1904. 
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Surrace, H. A.—Monthly Bulletin, Division Zoology, vol. 1, no. 2, Pa. 
Dept. Agr., June, p. 11. 
Brief note on the plum curculio. 
SuerMan, F., Jr.—Injurious insects. Spraying for insects and diseases. 
<Bul. 24, N. C. St. Bd. Agr., 1903, no. 6, pp. 28-29, 1 fig. 
Short descriptive, biological, and economic notes on the plum curculio. 
Ossorn, H.—The insect problem.<Columbus Hort. Soc., vol. 18, no. 2, 
pp. 41, 42. 
Statistics showing extent of damage by the plum curculio. 
Sanperson, E. D.—Report of the entomologist.<Del. St. Rept. 1902, pp. 
109-151. 


Arsenicals found to be effective in control of plum curculio on cherry but not on 
apple. 


_ Horsratt, F.—Orchard enemies.<Bul. 9, Mo. Fruit Station, pp. 27, 28. 


Notes on habits, life history, and means of combating the plum curculio. 
SHERMAN, F., Jr.—Insect enemies of apple, pear, and quince, with methods 
of treatment.<Bul. 183, N. C. Agr. Exp. Sta., p. 59, 1 fig. 
Brief economic and biological notes on the plum curculio. 
SHERMAN, F., Jr.—Insect and fungus enemies of the peach, plum, cherry, 
fig, and persimmon.< Bul. 186, N. C. Agr. Exp. Sta., pp. 7-8. 
Brief notes on the plum curculio. 
HorsFauu, F.—Orchard enemies.<Bul. 9, Mo. Fruit Station, p. 27. 
Remedies against the plum curculio. 
LocHHEAD, W.—Insects of the season.<34th Ann. Rept. Ent. Soc. Ont., 
1903, p. 33. 
Note on occurrence of the plum curculio. 
Pertit, R. H.—Insects injurious to fruits in Michigan.<Spec. Bul. 24, Mich. 
Aer. Exp. Sta., pp. 65, 66. 
Brief account of life history of the plum curculio and remedies against same. 
SLINGERLAND, M. V.—Some serious insect depredations in New York in 1903. 
<Bul. 46, Div. Ent., U.S. Dept. Agr., p. 72. 
Remedies against the plum curculio. 
SLINGERLAND, M. V.—Save the quinces and plums.<American Agriculturist, 
p. 551, May 14. 
Remedies against the plum curculio. 
Weep, C. M.—The insect record for 1903.<Bul. 115, N. H. Agr. Exp. Sta., 
p. 174; Ann. Rept., 1904, p. 259. 


Brief notes on the plum curculio. 


Forses, 8. A.—Spraying apples against the plum curculio.<Bul. 52, Bur. 
Ent., U.S. Dept. Agr., p. 49. Papers read before Ass. Econ. Ent., Dec. 30, 
1904. Published as Bulletin 108, Ill. Agr. Exp. Sta. (May, 1906). 


FarRAnpD, T. A.—Report of the South Haven Substation for 1903.<Spec. 
Bul. 27, Mich., pp. 3-4. 


Dust v. liquid sprays against the plum curculio. 
CHITTENDEN, F. H.—The principal injurious insects of 1903.<Ybk. Dept. 
Agr. f. 1903, p. 565. 
Remedies against the plum curculio. 
Cootey, R. A.—lst Annual Report of the State Entomologist of Montana. 
<Bul. 51, Mont. Agr. Exp. Sta., p. 256. 
Remedies against the plum curculio. 
Fietcuer, J.—Insects of the year in Canada.<Bul. 46, Bur. Ent., U.S. 
Dept. Agr., p. 82. 


Mention of the plum curculio. 
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1904. 


1904. 


1904. 


1904. 


1904. 


1904. 


1904. 


1904. 


1905. 


1905. 


1905. 


1905. 


1906. 


1906. 


1906. 


1907. 


1907. 
1907. 


THE PLUM CURCULIO. 


Surrace, H. A.—Monthly Bulletin, Division of Zoology, vol. 2, no, 2, 
Pa. Dept. Agr., p. 63, June. 
Remedies against the plum curculio. 
WasusBurn, F. L.—9th Annual Report of the State Entomologist of Minn., 
pp. 109-115, 3 figs. 
Plum curculio as enemy to apples; discusses injuries, habits, and remedies. 
SanpERSON, E. Dwicur.—The plum curculio.<Cir. 6, Ent. Dept. Texas Agr. 
Exp. Sta., pp. 1-3, 3 figs. 
Brief summarized account of the plum curculio. 
Futon, J. A.—Peach culture, p. 133. 
Discusses plum curculio, giving numerous proposed remedies. 
CooLey, R. A.—2d Annual Report of the State Entomologist.< Bul. 55, Mont. 
Agr. Exp. Sta., pp. 171-172. 
Brief account of the plum curculio. 
StepMan, J. M.—The sting in the apple. The work of the plum curculio in 
the apple.<Bul. 64, Mo. Stat., pp. 24, 10 figs. 


Discusses the life history and habits of the plum curculio in apple orchards; 
remedies. 


CHITTENDEN, F. H.—The cherry fruit fly.<Bul. 44, Div. Ent., U. 8. Dept. 
Agr., p. 72, figs. 18. 
Introduces new figures, showing larva, pupa, and adult of plum curculio. 
Wasnsurn, F. L.—Injurious insects of 1904.<Rept. St. Ent. Minn., 1904, 
pp. 109-115, 3 figs. 


Discussion of injury to apples by plum curculio. 


- CRANDALL, C. 8.—The curculio and the apple.<Bul. 98, Ill. Agr. Exp. Sta. 


An extended account of the plum and apple curculios, giving results of thorough 
life-history studies and experiments with arsenical sprays during 1903 and 1904. 


Britton, W. E.—Fourth Report of the State Entomologist.<Conn. Storrs 
Stat. Rept., 1904, pt. 3, pp. 219-221, 1 fig. 
Injury to apples by curculio. 
Burcesss, A. F.—Report of the chief inspector of nurseries and orchards. 
<Ohio Dept. Agr., Div. Nurs. and Orch. Insp., Rept., 1905, pp. 10-11. 
QuaintTANceE, A. L.—The principal insect enemies of the peach.<Ybk. U. S. 
Dept. Agr., pp. 325-330, 1905. 


General account of curculio, with recommendations for use of arsenicals; jarring 
and cultivations. 


Jounson, F., and Grrautt, A. A.—The plum curculio.<Cir. 738, Bur. Ent., 
U.S. Dept. Agr., pp. 10, 5 figs. 


Life history and habits of plum curculio; remedies. 


SLINGERLAND, M. V.—Cooperative spraying experiments.<Bul. 235, Cornell 
Agr. Exp. Sta., pp. 160-165. 
Report on results of arsenate of lead against plum curculio by New York 
orchardists. F 
Quinn, G.—Seasonable notes on some orchard pests.<Journ. Dept. Agr. So. 
Austr., vol. 10, no. 1, pp. 9-14. 
Remedies against plum curculio. 
Apvams, C. F.—Some insects of orchard and other fruits.<Bul. 92, Ark. Agr. - 
Exp. Sta., pp. 11-12, 1 fig. 


Brief biological and economic notes on plum curculio. 


Suirn, J . B.—Report of the Entomologist.<N. J. Sta. Rept. f. 1906, p. 520. 
Hovaeuton, C. O.—Report of the Entomologist.<Del. Coll. Agr. Exp. Sta. 
Repts., 1905-1906, pp. 83-85. 


Remedies. Little benefit was noted from the use of sticky bands in capturing 
plum curculio. 
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1908. 


1908. 


1908. 


1908. 


1909. 


1909. 


1909. 


1910. 


1910. 


1911. 


1911. 
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Morris, O. M., and Nicnozson, J. F.—Orchard spraying.<Bul. 76, Okla. 
Agr. Exp. Sta., pp. 23-24, 1 fig. 

Brief account of the plum curculio. 

Patcu, Evira M.—Insect notes for 1908.<Bul. 162, Maine Agr. Exp. Sta., 
p. 363. 

Brief account of the plum curculio. 

WasHBurn, F. L.—The apple leafhopper and other injurious insects of 1907 
and 1908.<Bul. 112, Minn. Agr. Exp. Sta., pp. 227-234, 4 figs. 

Results of spraying plum trees with arsenate of lead against plum curcullio: life 
history notes. 

Smiru, J. B.—Insecticide materials and their application, with suggestions for 
practice.<Bul. 213, N. J. Agr. Exp. Sta., pp. 45-46. 

Remedies against plum curculio. 

Taytor, E. P.—Report of the department of entomology.<Mo. State Fruit 

Exp. Sta., Rept., 1907-8, pp. 13-14. Z 
Results of experimental spraying against plum curculio. 

Worsuam, E. L.—Report of the past year’s work of the State board of ento- 
mology.<Bul. 27, Ga. St. Bd. Ent., pp. 76-78. 

Notes on experimental spraying with arsenical poison against plum curculio. 

WorsHam, E. L.—Proceedings of the Twenty-first Annual Meeting of the 
American Association of Economic Entomologists.<Journ. Econ. Ent., vol. 
2 (1909), no. 3, pp. 207-208. 

Results of spraying with arsenate of lead against the plum curculio. 

Hovuexton, C. O.—Report on insects.<Trans. Pa. Hort. Soc. Del., vol. 22, 
pp. 42-43. 

Taytor, E. P.—Spraying apples for curculio and codling moth.<Bul. 21, 
Mo. State Fruit Exp. Sta., pp. 11-18, 3 figs. 

Life history and habits of the plum curculio, and spraying experiments against 
same. 

Scott, W. M., and Quarntance, A. L.—Control of the brown rot and plum 
curculio on peaches. <Cir. 120, Bur. Ent., U.S. Dept. Agr. 

QuaintTance, A. L., et al—The one-spray method in the control of the cod- 
ling moth and the plum curculio.<Bul. 80, Pt. WOOO. Isher Dre WW IS 
Dept. Agr. 

Gives results in experiments in control of plum curculio on apple. 

Scorr, W. M., and Quarntancg, A. L.—Spraying peaches for the control of 

the brown rot, scab, and curculio.<Farm. Bul. 440, U.S. Dept. Agr. 
Results of experimental and demonstration spraying of peaches for their several 
troubles in 1910. 

Buaxs, M. A., and Fartzy, A. J.—Spraying experiments with peaches.< Bul. 

236, N. J. Agr. Exp. Sta. 


Results of experiments in spraying peaches for brown rot, scab, and curculio. 
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and self-boiled lime-sulphur against plum curculio. .... 188 
injurious effects om peach). {45/32 2s eee BP ite UA 
‘ phenophorus parvulus, host of Myiophasia xnea....-.---.--------------------  J49 
Spraying with arsenicals against plum curculio.............---..---------- 178-185 


on apple, early experiments. 189-193 
experiments by Bu- 
reau of Entomolo- 


oh Pe es = = 193-200 
cherries and plums.....-- 215-218 
peaches... 2-252 202-215 
Strawberry, place of oviposition by plum curculio..-.---- 2222555222 22eeeeeee 33 
Swallow, bank. (See Riparia riparia.) 
Temperature, relation to time of appearance of plum curculio in spring. ---. 118-120 
Tent caterpillar, spraying with arsenicals. 22. :¢..2- 4... ..2 25-455 558ee eee 201 
Thelairodes basalis=Cholomyia inxquipes....-.-------------- 1 150 
Thersilochus conotracheli, parasite of plum curculio................-------- - 147-148 
Dhrips, enemy. of plum curewlion2as5-seee sneer eee Ye 152 
Thrush, hermit. (See Hylocichla g. pallasi.) 
aren ocellana. (See Bud moth.) 
Toad; enemy of plum curculios ese. 294444444 See Sane SOS le eer 154 
Tas ois curculionis, parasite of Anthonomus grandis ...-.-- Lilo. ee 143 
Balanwmus spices. 23.22 0a 3 eee 143 
Conotrachelus afinis...2 2-4-2 232 = eee ~ 143 
elegans.2 24.2.6. 3 ee ee 143 
quglandis. 2. ics 3 143 
plum: curculio.223.¢=- 2.4222 ee 142-146 
stalk-borer on Ambrosia: ..s.-5._- 52555 4=eeeee 143 
Pmchobanistnmotatas.--2 222. - - 5 143 
var. rufus, parasite of plum curculio..............----- 146-147 
Prichobaris trinotata, host of Triaspis curculionis...-.-.-2- 1222522525) 143 
on egeplant......0-522.65i.-ts ee 143 
Turk. ?- common name tor plum) cureuliga sess 4eee eee Beret oa 14 
Veery. (See Hylocichla fuscescens.) 
Vireo, yellow-throated. (See Lanivireo jlavifrons.) 
Zamelodia ludoviciana, enemy of plum curculio.........---...---------------- 154 
Aime cyanid against plum\curculio: --- 3253452542 1. De dee 206 
oxid agaimst, plum curculio..+....-.-. 22262222 49-2 eee oe 206 
sulphid, injurious’ effects on peach... -+--: /52202 22.55 eee 207 
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